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@  Transmission  control  system  with  positive  lockup  clutch  disengaging  system. 
(57)  An  automatic  transmission  includes  a  gear  transmission 
mechanism  including  first  and  second  friction  mechanisms 
which  are  alternatively  engaged  by  alternative  supply  of  first  76^_1_£' 
and  second  pressures  thereto  when  the  highest  speed  stage  *»-  1  ''yOCN? 
and  the  next  to  highest  speed  stage  are  alternatively  15-  ((  )) 
engaged,  and  a  torque  converter  including  a  lockup  clutch.  A  \  \C^y/ 
transmission  control  system  includes  a  pressure  control  5  | 
system  which  controls  the  gear  transmission  mechanism  by  X"̂ T  u  3i 
selectively  supplying  those  pressures  and  possibly  others  e 
thereto,  a  lockup  clutch  control  valve  which  according  to  its  Foe 
switched  position  controls  the  engagement  of  the  lockup 
clutch  and  which  is  switched  to  its  engage  position  by  a 
control  pressure,  and  a  lockup  clutch  interrupt  valve,  which  45 selectively  transmits  the  first  pressure  to  the  lockup  clutch 
control  valve  as  the  control  pressure,  which  is  supplied  with 
the  second  pressure  which  when  present  switches  it  posi-  l i iA  5 
tively  to  its  non  communicating  condition,  and  which  is  also  ^J^IgaJ  \  
supplied  with  governor  pressure  which  in  the  absence  of  the  f f l f  
second  pressure  switches  it  to  the  communicating  condition  P?!w  5? 
when  this  governor  pressure  is  higher  than  a  certain  value,  49  77 
and  otherwise  leaves  it  in  the  non  communicating  condition.  ' 
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A n   automatic  transmission  includes  a  gear  transmission 
mechanism  including  first  and  second  friction  mechanisms 
which  are  alternatively  engaged  by  alternative  supply  of  first 
and  second  pressures  thereto  when  the  highest  speed  stage 
and  the  next  to  highest  speed  stage  are  alternatively 
engaged,  and  a  torque  converter  including  a  lockup  clutch.  A 
transmission  control  system  includes  a  pressure  control 
system  which  controls  the  gear  transmission  mechanism  by 
selectively  supplying  those  pressures  and  possibly  others 
thereto,  a  lockup  clutch  control  valve  which  according  to  its 
switched  position  controls  the  engagement  of  the  lockup 
clutch  and  which  is  switched  to  its  engage  position  by  a 
control  pressure,  and  a  lockup  clutch  interrupt  valve,  which 
selectively  transmits  the  first  pressure  to  the  lockup  clutch 
control  valve  as  the  control  pressure,  which  is  supplied  with 
the  second  pressure  which  when  present  switches  it  posi- 
tively  to  its  non  communicating  condition,  and  which  is  also 
supplied  with  governor  pressure  which  in  the  absence  of  the 
second  pressure  switches  it  to  the  communicating  condition 
when  this  governor  pressure  is  higher  than  a  certain  value, 
and  otherwise  leaves  it  in  the  non  communicating  condition. 



BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  the  field  of  automat ic   t ransmissions;  

more  particularly,   relates  to  the  field  of  automatic  transmissions  with 

torque  converters  which  are  equipped  with  lock  up  clutches;  and,  yet  more  

particularly,   relates  to  the  field  of  hydraulic  fluid  pressure  control  sys t ems  

for  such  lock  up  c lu tches .  

Various  automatic   transmissions  for  automotive  vehicles  are  known  in 

various  forms.  Such  an  automatic  transmission  conventionally  includes  a  

gear  transmission  mechanism  which  provides  a  plurality  of  speed  stages  and 

which  is  set  to  its  various  speed  stages  by  selective  supply  of  a c t u a t i n g  

hydraulic  fluid  pressures  to  various  hydraulic  fluid  pressure  a c t i v a t e d  

friction  engaging  mechanisms  comprised  within  the  gear  t ransmiss ion  

mechanism  such  as  multi  plate  clutches  and  multi  plate  brakes,  said 

selective  supply  of  actuat ing  hydraulic  fluid  pressures  being  provided  f rom 

a  hydraulic  fluid  pressure  control  system,  of  which  many  forms  are  well  

known.  Such  a  hydraulic  fluid  pressure  control  system  typically  requires  a  

supply  of  line  hydraulic  fluid  pressure  for  operation,  and  typically  r ece ives  

this  supply  of  line  hydraulic  fluid  pressure  from  a  hydraulic  fluid  pressure  

pump  by  way  of  a  line  pressure  regulation  valve  which  modifies  the  ou tpu t  

hydraulic  fluid  pressure  produced  by  the  pump  by  releasing  a  part  of  said 

output  pressure  back  to  a  hydraulic  fluid  reservoir  through  a  release  por t .  

Further,  such  an  automatic  transmission  conventionally  includes  a 

fluid  torque  converter,   which  provides  a  fluid  coupling  between  the  engine 

of  the  vehicle  and  the  gear  transmission  mechanism,  thus  eliminating  the  

need  for  any  clutch  system  for  the  drive  train  of  the  vehicle,  and  allowing 

for  the  vehicle  to  be  stat ionary  while  the  engine  is  turning  at  a  low 

rotational  speed  at  or  close  to  the  idling  speed  without  the  engine  s tal l ing,  

as  well  as  providing  torque  multiplication  by  fluid  flow  in  a  per  se  well 

known  way  when  the  vehicle  is  being  accelerated  at  relat ively low  speed 

and  relatively  low  engine  rotational  speed.  Many  such  torque  conver te r s  

are  of  course  presently  well  known.  Generally,  such  a  torque  conver t e r  

comprises:  a  housing  of  a  generally  toroidal  shape,  on  the  inside  of  which 

there  are  formed  a  series  of  vanes  which  constitute  a  pump  impeller,  and 

fixed  to  a  power  input  shaft;  a  turbine  member  mounted  within  the  housing 

as  fixed  to  a  power  output  shaft;  and  a  stator  member  mounted  within  the  



housing  via  a  one  way  brake  on  a  fixed  member.  The  housing  of  such  a 

torque  converter   is  kept  filled  with  hydraulic  fluid,  which  is  pumped  

thereinto  and  is  also  drained  therefrom  as  will  be  more  fully  expla ined 

later,  and  in  a  per  se  well  known  way  the  pump  impeller,  the  s t a t o r  

member,  and  the  turbine  member  cooperate,  when  the  housing  of  t he  

torque  converter  is  thus  filled  with  hydraulic  fluid,  to  define  a  t o ro ida l  

hydraulic  fluid  flow  circulation  system,  circulation  of  hydraulic  fluid 

around  which  in  the  general  circulation  fashion  of  a  smoke  ring  is  a r r a n g e d  

to  transfer  torque  in  a  conventional  manner  between  the  pump  impeller  and  

the  turbine  member  of  the  torque  conver t e r .  

This  supply  of  hydraulic  fluid  for  filling  the  torque  converter  is 

typically  provided  to  the  inside  of  the  housing  thereof  via  a  first  channe l  

defined  along  or  beside  the  central  rotational  axis  thereof  -   in  more  de ta i l ,  

via  a  hole  in  one  of  the  shafts  passing  along  said  central  rotat ional   axis  or 

through  a  space  defined  between  two  concentric  ones  of  such  shafts;  and 

the  draining  of  hydraulic  fluid  from  the  torque  converter  is  also  typ ica l ly  

performed  in  a  similar  manner,  through  a  second  such  channel.  The  supply 

of  hydraulic  fluid  is  provided,  generally  in  the  art,  from  a  torque  c o n v e r t e r  

hydraulic  fluid  pressure  regulation  valve  which  supplies  a  supply  of 

hydraulic  fluid  at  a  regulated  torque  converter  hydraulic  fluid  pressure ,  

which  is  generally  rather  lower  than  the  line  hydraulic  fluid  pressure,  t o  

the  torque  c o n v e r t e r .  

Further,  it  has  become  more  and  more  common  nowadays  for  such  a  

torque  converter  to  be  provided  with  a  lock  up  clutch,  i.e.  a  m e c h a n i c a l  

clutch  which,  when  actuated,   mechanically  couples  together  the  pump 

impeller  and  the  turbine  member  of  the  torque  converter  with  regard  to  

t h e i r   rotation,  so  that  the  above  mentioned  hydraulic  torque  t ransmiss ion  

between  the  pump  impeller  and  the  turbine  member  no  longer  occurs  or  is 

re levant .  

It  is  well  known  and  conventional  for  such  a  lock  up  clutch  to  be  

engaged  or  disengaged  according  to  the  directions  of  supply  and  draining  of 

the  torque  converter   hydraulic  fluid  pressure  to  and  from  the  interior  of  

the  housing  of  the  torque  converter.  In  other  words,  when  the  t o rque  

converter  hydraulic  fluid  pressure  mentioned  above  is  being  supplied  to  one 

channel  which  leads  to  the  interior  of  the  torque  converter  housing,  and  is 

being  released  from  another  channel,  then  it  is  arranged  that  the  lock  up 



clutch  is  engaged;  and  when  the  torque  converter  hydraulic  fluid  p ressure  
is  being  supplied  to  said  other  channel,  and  is  being  drained  from  said  one 

channel,  then  it  is  arranged  that  the  lock  up  clutch  is  disengaged.  Thus  t h e  

supply  of  torque  converter  hydraulic  fluid  pressure  to  the  torque  c o n v e r t e r  

from  the  torque  converter  pressure  regulation  valve  is  used  for  two 

purposes:  to  fill  the  torque  converter   with  hydraulic  fluid;  and  to  

selectively  engage  and  disengage  the  lock  up  clutch,  according  to  t he  

direction  of  said  supply. 

The  selective  engagement  of  this  lock  up  clutch  is  performed  by  a  

control  device  such  as  a  hydraulic  fluid  pressure  control  dev ice  

incorporated  in  the  above  mentioned  hydraulic  fluid  pressure  con t ro l  

system  which  controls  the  engagement  of  the  various  gear  speed  stages  of  

the  gear  transmission  mechanism,  according  to  the  operational  condi t ions  

of  the  vehicle  to  which  the  torque  converter  incorporating  this  lock  up 
clutch  is  fit ted.  In  more  detail,  generally  such  a  lock  up  clutch  is  des i rably  

engaged  when  the  torque  converter  is  required  to  transmit  rotary  power  a t  

a  fairly  high  rotational  speed,  at  which  time  the  torque  conversion  func t ion  

of  the  torque  converter  is  not  substantial ly  required.  In  such  a  case,  if  the  

lock  up  clutch  is  not  engaged,  then,  although  the  torque  converter  at  this 

time  provides  a  substantially  direct  power  transmission  function  b e t w e e n  

its  pump  impeller  and  its  turbine  member,  nevertheless  a  small  amount ,  

such  as  a  few  per  cent,  of  slippage  between  the  pump  impeller  and  the  

turbine  member  will  inevitably  occur,  and  this  will  waste  a  subs t an t i a l  

amount  of  energy  because  of  the  useless  churning  of  hydraulic  fluid  within 

the  torque  converter,  and  also  will  cause  undesirable  heating  up  of  t he  

hydraulic  fluid  contained  within  the  torque  converter.  On  the  other  hand, 

such  a  lock  up  clutch  is  desirably,  of  course,  disengaged  when  the  road 

speed  of  the  automobile  is  low,  or  when  the  rotational  speed  of  the  in te rna l  

combustion  engine  thereof,  i.e.  the  rotat ional   speed  of  the  pump  impel le r  

of  the  torque  converter,  is  so  low  as  to  be  close  to  idling  rotat ional   speed,  

in  order  to  utilize  the  buffering  action  of  the  torque  converter  at  these  

times,  as  well  as  the  torque  multiplication  function  thereof.  Thus,  such  a 

lock  up  clutch  is  engaged  by  the  above  mentioned  hydraulic  fluid  pressure  

control  device,  typically,  when  and  only  when  the  vehicle  incorporating  the  

torque  converter  is  being  driven  at  high  road  speed  with  the  gear  
transmission  mechanism  in  its  highest  gear  speed  stage,  with  the  in te rna l  



combustion  engine  of  the  vehicle  thus  operating  at  fairly  high  r o t a t i o n a l  

speed,  in  which  c i rcumstances   the  actual  hydraulic  torque  convers ion  

function  of  the  torque  converter  is  not  in  fact  part icularly  required.  The  

provision  of  such  a  lock  up  clutch  is  effective  for  increasing  fuel  e conomy  
of  the  vehicle,  especially  when  running  on  the  open  road  such  as  on  an  

expressway .  
A  well  known  prior  art  construction  for  such  a  hydraulic  f luid 

pressure  control  device  for  controlling  a  lock  up  clutch  has  comprised  (a)  a  

lock  up  clutch  control  valve,  which  is  switched  between  two  positions,  and 

which,  when  in  its  first  switched  position,  switches  said  torque  c o n v e r t e r  

hydraulic  fluid  pressure  mentioned  above  so  as  to  supply  it  to  said  one 

channel  which  leads  to  the  interior  of  the  torque  converter  housing,  and 

drains  said  other  channel,  so  as  to  engage  said  lock  up  clutch,  and  which,  

when  in  its  second  switched  position,  switches  said  torque  c o n v e r t e r  

hydraulic  fluid  pressure  mentioned  above  so  as  to  supply  it  to  said  o t h e r  

channel,  and  drains  said  one  channel,  so  as  to  disengage  said  lock  up  c lu t ch ,  

said  lock  up  clutch  control  valve  being  switched  to  said  first  s w i t c h e d  

position  thereof   by  supply  of  a  control  hydraulic  fluid  pressure,  and,  when  

said  control  hydraulic  fluid  pressure  is  not  supplied,  being  switched  to  sa id  

second  switched  position  thereof;  and  (b)  a  lock  up  clutch  interrupt  valve,  

which  is  located  at  an  in termediate   point  of  a  hydraulic  fluid  conduit  which 

conducts  a  supply  of  hydraulic  fluid  pressure  from  a  steady  hydraulic  f luid 

pressure  source,  typically  the  line  hydraulic  fluid  pressure,  to  the  lock  up 

clutch  control  valve  as  said  control  hydraulic  fluid  pressure.  Thus,  when 

the  lock  up  clutch  interrupt  valve  is  in  a  switched  state  to  allow  passage  of  

hydraulic  fluid  pressure  therethrough,  then  the  lock  up  clutch  control  va lve  

is  switched  to  its  said  first  switched  position,  and  accordingly  the  lock  up 
clutch  is  engaged;  and,  when  the  lock  up  clutch  interrupt  valve  is  in  a  

switched  state  to  prevent  passage  of  hydraulic  fluid  pressure  t he r e th rough ,  

then  the  lock  up  clutch  control  valve  is  switched  to  its  said  second  

switched  position,  and  accordingly  the  lock  up  clutch  is  d isengaged.  

Further,   the  lock  up  clutch  interrupt  valve  has  typ ica l ly  

conventionally  been  constructed  as  a  spool  valve  including  a  spool  e l e m e n t ,  

which  is  axially  reciprocated  between  two  switched  positions,  which  is 

impelled  towards  its  first  switched  position  in  which  said  lock  up  c l u t ch  

in te r rup t   valve  allows  passage  of  hydraulic  fluid  pressure  therethrough  by  a  



supply  of  the  conventionally  produced  governor  hydraulic  fluid  p re s su re  
(which  is  represen ta t ive   of  the  road  speed  of  the  automobile)  to  a  p r e s su re  

chamber  defined  at  its  one  end,  and  which  is  impelled  towards  its  second 

switched  position  in  which  said  lock  up  clutch  interrupt  valve  p r e v e n t s  

passage  of  hydraulic  fluid  pressure  therethrough  by  the  compression  f o r c e  

of  a  compression  coil  spring,  said  compression  force  being  of  course  

p r e d e t e r m i n e d .  

According  to  such  a  construction,  when  the  pressure  value  of  t h e  

governor  hydraulic  fluid  pressure  is  less  than  a  predetermined  p re s su re  

value,  i.e.  when  the  automobile  road  speed  is  less  than  a  p r e d e t e r m i n e d  

road  speed  value,  then  the  force  of  the  compression  coil  spring  p reva i l s  

over  the  governor  hydraulic  fluid  pressure  in  its  effect  to  move  said  spool 

element  of  said  lock  up  clutch  interrupt  valve,  and  accordingly  said  spool  

element  of  said  lock  up  clutch  interrupt  valve  is  switched  to  its  said  second  

switched  position,  in  which  said  lock  up  clutch  interrupt  valve  p r e v e n t s  

supply  of  said  source  hydraulic  fluid  pressure  to  said  lock  up  clutch  c o n t r o l  

valve,  and  accordingly  said  lock  up  clutch  control  valve  is  switched  to  i ts 

said  second  switched  position,  in  which  the  lock  up  clutch  is  d isengaged;  

but,  when  the  pressure  value  of  the  governor  hydraulic  fluid  pressure  is 

greater  than  a  predetermined  pressure  value,  i.e.  when  the  automobile  road  

speed  is  greater  than  a  predetermined  road  speed  value,  then  the  governor  

hydraulic  fluid  pressure  prevails  over  the  force  of  the  compression  coil 

spring  in  its  effect   to  move  said  spool  element  of  said  lock  up  c lu t ch  

interrupt  valve,  and  accordingly  said  spool  element  of  said  lock  up  c lu tch  

interrupt  valve  is  switched  to  its  said  first  switched  position,  in  which  said 

lock  up  clutch  interrupt  valve  allows  supply  of  said  source  hydraulic  fluid 

pressure  to  said  lock  up  clutch  control  valve,  and  accordingly  said  lock  up 

clutch  control  valve  is  switched  to  its  said  first  switched  position,  in  which 

the  lock  up  clutch  is  engaged.  Thus,  the  lock  up  clutch  is  engaged  or 

disengaged,  according  as  the  vehicle  road  speed  is  above  or  below  said  

predetermined  road  speed  value. 

Such  a  lock  up  clutch  interrupt  valve  presents  no  substantial  p roblems 

as  far  as  concerns  its  switching  action  to  transit  from  its  said  second 

switched  position  to  its  said  first  switched  position,  when  the  vehicle  road 

speed  is  gradually  rising  and  the  force  on  said  spool  element  of  said  lock  up 

clutch  interrupt  valve  due  to  said  governor  hydraulic  fluid  p ressure  



gradually  rises,  and  in  this  case  the  spool  element  of  said  lock  up  c lu t ch  

interrupt  valve  is  smoothly  switched  to  its  said  first  switched  posi t ion,  

substantially  as  soon  as  the  road  speed  of  said  vehicle  rises  above  said 

predetermined  road  speed  value,  and  accordingly  said  lock  up  clutch  is 

reliably  engaged  at  this  time;  but,  on  the  other  hand,  with  regard  to  t h e  

switching  action  of  said  lock  up  clutch  interrupt  valve  to  transit  from  i ts  

said  first  position  to  its  said  second  position,  when  the  vehicle  road  speed  is 

gradually  dropping  and  the  force  on  said  spool  element  of  said  lock  up 
clutch  due  to  said  governor  hydraulic  fluid  pressure  gradually  drops,  in  this  

case  there  is  a  risk,  especially  after  a  long  period  of  use  of  t he  

transmission,  or  when  the  hydraulic  fluid  therein  has  become  rather  old  and 

dirty,  that  said  spool  element  of  said  lock  up  clutch  interrupt  valve  may  
stick  in  its  said  first  switched  position,  and  not  properly  transit  to  its  sa id  

second  switched  position,  even  though  the  road  speed  of  said  vehicle  has 

dropped  to  substant ial ly  below  said  predetermined  road  speed  value.  If 

such  sticking  occurs,  it  is  quite  possible  for  the  sticking  condition  to  be  

maintained,  even  when  the  vehicle  comes  to  a  complete  halt;  and  in  this 

case,  of  course,  since  because  the  lock  up  clutch  remains  engaged  t h e  

slipping  function  of  the  torque  converter  is  no  longer  available,  the  i n t e rna l  

combustion  engine  of  the  vehicle  will  s ta l l .  

Further,  another  problem  concerned  with  the  functioning  of  such  a  

lock  up  clutch  interrupt   valve  is  as  follows.  Generally  the  above  men t ioned  

predetermined  road  speed  value,  at  a  vehicle  road  speed  above  which  t he  

lock  up  clutch  is  engaged,  and  at  a  vehicle  road  speed  below  which  the  lock 

up  clutch  is  disengaged,  will  be  set  so  high  that  the  gear  t r ansmiss ion  

mechanism  of  the  automatic   transmission  of  the  vehicle  will  always  be  in 

its  highest  speed  stage  when  the  road  speed  of  the  vehicle  is  equal  to  or 

greater   than  said  predetermined  road  speed  value.  This  is  because  t he  

shifting  of  the  gear  transmission  mechanism  of  the  automatic  t ransmiss ion  

between  its  speed  stages,  for  example  between  its  highest  speed  stage  and 

its  next  to  highest  speed  stage,  will  cause  a  severe  transmission  shock,  if 

the  lock  up  clutch  is  engaged  at  the  time  of  shifting.  In  other  words,  t h e  

torque  shock  cushioning  effect  of  the  torque  converter   is  important  when 

the  gear  transmission  mechanism  of  the  automatic   transmission  changes  i ts  

speed  stage,  and  accordingly  the  above  mentioned  predetermined  road  

speed  value  is  set  so  high  as  to  ensure  that  there  should  be  no  chance  of  t he  



gear  transmission  mechanism  shifting  between  its  speed  stages  while  t he  

lock  up  clutch  is  engaged.  However,  in  exceptional  c i rcumstances   the  gea r  
transmission  mechanism  of  the  automatic  transmission  may  be  forced  to  

shift  from  its  highest  speed  stage  to  a  lower  speed  stage,  at a  vehicle  road  

speed  higher  than  the  predetermined  road  speed  value;  for  example,  when 

the  driver  of  the  vehicle  forces  such  a  shift,  by  moving  the  manua l  

transmission  shift  lever  of  the  vehicle  from  the  "D"  range  to  the  "3"  range .  
In  such  a  case,  if  the  lock  up  clutch  is  kept  engaged,  a  severe  t ransmiss ion  

shock  is  liable  to  occur.  This  can  produce  various  undesirable  effects,  such 

as  shortening  the  operational  life  of  the  friction  engaging  mechanisms  of  

said  transmission  as  well  as  the  various  gears  and  other  parts  thereof,  and 

perhaps  causing  premature  failure  of  the  automatic   transmission  as  a  

whole,  as  well  as  damaging  the  drivability  of  the  vehicle  and  perhaps  even 

causing  a  dangerous  acc iden t .  

SUMMARY  OF  THE  INVENTION 

Accordingly,  it  is  the  primary  object  of  the  present  invention  to  

provide  a  control  system  for  an  automatic  transmission  including  a  f luid 

torque  converter  with  a  lock  up  clutch,  which  can  avoid  the  above 

described  problems.  

It  is  a  further  object  of  the  present  invention  to  provide  a  con t ro l  

system  for  an  automatic   transmission  including  a  fluid  torque  conver t e r  

with  a  lock  up  clutch,  in  the  operation  of  which  engagement  of  the  lock  up 

clutch,  when  the  vehicle  comes  to  a  complete  halt,  is  positively  p reven ted .  

It  is  a  further  object  of  the  present  invention  to  provide  a  cont ro l  

system  for  an  automatic  transmission  including  a  fluid  torque  conver te r  

with  a  lock  up  clutch,  in  the  operation  of  which  engine  stalling  is  posi t ively 

p reven ted .  

It  is̀   a  further  object  of  the  present  invention  to  provide  a  cont ro l  

system  for  an  automatic  transmission  including  a  fluid  torque  conver t e r  

with  a  lock  up  clutch,  in  the  operation  of  which  transmission  shock,  due  to 

the  gear  transmission  mechanism  of  the  automatic  transmission  changing 

between  its  speed  stages  while  the  lock  up  clutch  is  engaged,  is  posi t ively 

p reven ted .  

It  is  a  further  object  of  the  present  invention  to  provide  a  cont ro l  

system  for  an  automatic  transmission  including  a  fluid  torque  conver te r  

with  a  lock  up  clutch,  which  provides  good  drivability  for  the  vehicle 

incorporating  the  t ransmiss ion.  



It  is  a  further  object  of  the  present  invention  to  provide  a  con t ro l  

system  for  an  automatic  transmission  including  a  fluid  torque  conve r t e r  

with  a  lock  up  clutch,  which  does  not  deter iorate   the  service  life  of  the  

au tomat ic   t ransmission.  

It  is  a  further  object  of  the  present  invention  to  provide  a  con t ro l  

system  for  an  automatic  transmission  including  a  fluid  torque  conve r t e r  

with  a  lock  up  clutch,  in  which  the  reliability  during  use  of  the  a u t o m a t i c  

transmission  is  preserved.  

It  is  a  further  object  of  the  present  invention  to  provide  a  con t ro l  

system  for  an  automatic  transmission  including  a  fluid  torque  conve r t e r  

with  a  lock  up  clutch,  in  which  t raff ic   danger  due  to  sudden  t ransmiss ion  

shift  shock  is  avoided. 

It  is  a  further  object  of  the  present  invention  to  provide  a  cont ro l  

system  for  an  automatic  transmission  including  a  fluid  torque  conve r t e r  

with  a  lock  up  clutch,  which  positively  engages  the  lock  up  clutch  when  the  

vehicle  incorporating  the  automatic   transmission  is  moving  at  a  road  speed 

higher  than  a  certain  predetermined  road  speed,  and  in  addition  the  gear  
transmission  mechanism  of  the  automat ic   transmission  is  shifted  to  its 

highest  speed  s tage.  

It  is  a  further  object  of  the  present  invention  to  provide  a  cont ro l  

system  for  an  automatic  transmission  including  a  fluid  torque  conver t e r  

with  a  lock  up  clutch,  which  positively  ensures  that  the  lock  up  clutch  is 

disengaged  when  vehicle  road  speed  drops  to  a  low  value.  

It  is  a  further  object  of  the  present  invention  to  provide  a  cont ro l  

system  for  an  automatic  transmission  including  a  fluid  torque  conver t e r  

with  a  lock  up  clutch,  which  positively  ensures  that  the  lock  up  clutch  is 

disengaged,  when  the  gear  transmission  mechanism  of  the  a u t o m a t i c  

transmission  shifts  from  its  highest  speed  stage  to  its  next  to  highest  speed 

s t a g e .  

It  is  a  further  object  of  the  present  invention  to  provide  a  cont ro l  

system  for  an  automatic  transmission  including  a  fluid  torque  conver te r  

with  a  lock  up  clutch,  which  positively  ensures  that  the  lock  up  clutch  is 

disengaged,  when  the  gear  transmission  mechanism  of  the  a u t o m a t i c  

transmission  shifts  from  its  next  to  highest  speed  stage  to  its  highest  speed 

s t a g e .  



It  is  a  yet  further  object  of  the  present  invention  to  provide  a  con t ro l  

system  for  an  automatic   transmission  including  a  fluid  torque  c o n v e r t e r  

with  a  lock  up  clutch,  which  positively  ensures  that  the  lock  up  clutch  is 

disengaged,  when  the  gear  transmission  mechanism  of  the  a u t o m a t i c  

transmission  is  in  any  speed  stage  other  than  its  highest  speed  s t age .  

It  is  a  yet  further  object  of  the  present  invention  to  provide  a  con t ro l  

system  for  an  automat ic   transmission  including  a  fluid  torque  c o n v e r t e r  

with  a  lock  up  clutch,  incorporating  such  a  lock  up  clutch  control  valve  as 

described  above,  in  which  the  supply  of  switching hydraulic  fluid  p ressure  
for  said  lock  up  clutch  control  valve  is  positively  interrupted  so  as  to  

disengage the  lock  up  clutch,  when  the  gear  transmission  mechanism  of  t h e  

automatic  transmission  is  shifted  to  any  speed  stage  other  than  its  h ighes t  

speed  s t age .  

It  is  a  yet  further  object  of  the  present  invention  to  provide  a  con t ro l  

system  for  an  automatic   transmission  including  a  fluid  torque  conve r t e r  

with  a  lock  up  clutch,  incorporating  such  a  lock  up  clutch  interrupt  valve  as 

described  above,  in  which  it  is  positively  ensured  that  the  valve  spool  

element  of  the  lock  up  clutch  interrupt  valve  cannot  stick  in  its  position  to  

engage  the  lock  up  clutch  when  the  vehicle  road  speed  drops  to  a  low  road 

speed  value  close  to  zero .  

It  is  a  yet  further  object  of  the  present  invention  to  provide  a  con t ro l  

system  for  an  automatic   transmission  including  a  fluid  torque  c o n v e r t e r  

with  a  lock  up  clutch,  incorporating  such  a  lock  up  clutch  interrupt  valve  as 

described  above,  in  which  any  sticking  of  the  valve  spool  element  of  t he  

lock  up  clutch  interrupt  valve  in  its  position  to  engage  the  lock  up  clutch  is 

positively  broken  as  soon  as  the  vehicle  road  speed  drops  to  a  su f f i c ien t ly  

low  value.  

It  is  a  yet  further  object  of  the  present  invention  to  provide  a  con t ro l  

system  for  an  automatic   transmission  including  a  fluid  torque  c o n v e r t e r  

with  a  lock  up  clutch,  incorporating  such  a  lock  up  clutch  interrupt  valve  as 

described  above,  in  which  the  valve  spool  member  of  the  lock  up  c lu tch  

interrupt  valve  is  positively  biased  by  hydraulic  fluid  pressure  to  its 

switched  position  to  disengage  the  lock  up  clutch,  when  the  gea r  
transmission  mechanism  of  the  automatic  transmission  is  in  any  speed 

stage  other  than  its  highest  speed  stage,  without  relying  on  the  res i l ien t  

force  of  any  spring.  



According  to  the  present  invention,  these  and  other  objects  a r e  

accomplished  by,  in  an  automatic   t ransmission  comprising:  (a)  a  g e a r  
transmission  mechanism,  which  can  provide  a  plurality  of  forward  speed  

stages  including  a  highest  speed  stage  and  a  next  to  highest  speed  s t age ,  

and  which  comprises  a  plurality  of  hydraulic  fluid  pressure  a c t i v a t e d  

friction  engaging  mechanisms  combinations  of  which  are  s e l e c t i v e l y  

ac tuated   by  selective  supply  of  hydraulic  fluid  pressures  thereto  so  as  to  

engage  said  plurality  of  speed  stages,  said  plurality  of  hydraulic  f luid 

pressure  act ivated  friction  engaging  mechanisms  including  a  first  f r i c t i on  

engaging  mechanism  which  is  engaged  by  supply  of  a  first  hydraulic  f luid 

pressure  thereto  when  and  only  when  said  gear  transmission  mechanism  is 

providing  its  said  highest  speed  stage  and  a  second  friction  engaging 

mechanism  which  is  engaged  by  supply  of  a  second  hydraulic  fluid  p ressu re  

thereto  when  said  gear  transmission  mechanism  is  providing  its  said  next  to  

highest  speed  stage  but  which  is  not  engaged  when  said  gear  t r ansmiss ion  

mechanism  is  providing  its  said  highest  speed  stage,  said  second  hydraul ic  

fluid  pressure  not  being  present  at  that  time;  (b)  a  torque  converter,   t h e  

interior  of  which  is  filled  with  hydraulic  fluid,  which  comprises  a  lock  up 

clutch  and  a  first  and  a  second  hydraulic  fluid  channel,  said  lock  up  c lu t ch  

being  respect ively  selectively  engaged  or  disengaged,  according  as  to  

whether  hydraulic  fluid  pressure  is  supplied  to  said  first  hydraulic  fluid 

channel  and  is  released  from  said  second  hydraulic  fluid  channel,  or  is 

supplied  to  said  second  hydraulic  fluid  channel  and  is  released  from  said 

first  hydraulic  fluid  channel:  a  t ransmission  control  system,  compris ing:  

(c)  a  source  of  regulated  torque  converter   hydraulic  fluid  pressure  for  

filling  the  inside  of  said  torque  conver ter   with  hydraulic  fluid;  (d)  a  

hydraulic  fluid  pressure  control  system  which  controls  said  gea r  
transmission  mechanism  by  said  select ive  supply  of  said  combinations  o f  

said  hydraulic  fluid  pressures  including  said  first  hydraulic  fluid  p ressure  

and said  second  hydraulic  fluid  pressure  thereto  so  as  selectively  to  engage  

various  ones  of  said  plurality  of  speed  stages,  comprising  a  governor  

hydraulic  fluid  pressure  control  valve  which  produces  a  governor  hydraul ic  

fluid  pressure  which  is  representa t ive   of  vehicle  speed  and  which  inc reases  

with  increasing  vehicle  speed;  (e)  a  lock  up  clutch  control  valve  which  has 

a  first  switched  position  and  a  second  switched  position,  which  when  in  i ts 

said  first  switched  position  switches  said  first  hydraulic  fluid  channel  so  as 



to  supply  to  it  a  supply  of  said  torque  converter  hydraulic  fluid  pressure  
and  switches  said  second  hydraulic  fluid  channel  so  as  to  release  hydraul ic  

fluid  therefrom,  and  which  when  in  its  said  second  switched  posit ion 

switches  said  second  hydraulic  fluid  channel  so  as  to  supply  thereto  a  

supply  of  said  torque  converter  hydraulic  fluid  pressure  and  switches  said 

first  hydraulic  fluid  channel  so  as  to  release  hydraulic  fluid  t he re f rom;  

said  lock  up  clutch  control  valve  being  switched  to  its  said  first  swi tched  

position  by  supply  of  a  control  hydraulic  fluid  pressure  thereto,  and  being 

otherwise  switched  to  its  said  second  switched  position;  and  (f)  a  lock  up 
clutch  interrupt  valve  which  has  a  first  switched  position  and  a  second 

switched  position,  which  when  in  its  said  first  switched  position  switches  a  

supply  of  said  first  hydraulic  fluid  pressure  so  as  to  supply  said  f i rs t  

hydraulic  fluid  pressure  to  said  lock  up  clutch  control  valve  as  said  control  

hydraulic  fluid  pressure,  and  which  when  in  its  said  second  swi tched 

position  does  not  switch  said  supply  of  said  first  hydraulic  fluid  pressure  so 

as  to  supply  said  first  hydraulic  fluid  pressure  to  said  lock  up  clutch  cont ro l  

valve  as  said  control  hydraulic  fluid  pressure,  so  that  said  lock  up  c lu tch  

control  valve  in  this  case  is  not  supplied  with  any  such  control  hydraulic 

fluid  pressure;  said  lock  up  clutch  interrupt  valve  being  supplied  with  said 

second  hydraulic  fluid  pressure,  when  it  is  present,  by  said  hydraulic  fluid 

pressure  control  system,  and  when  so  supplied  being  positively  switched  to 

its  said  second  switched  position  irrespective  of  any  other  control  pressures 

supplied  thereto;  said  lock  up  clutch  interrupt  valve  further  being  supplied 

with  said  governor  hydraulic  fluid  pressure  by  said  hydraulic  fluid  pressure 
control  system;  and,  when  said  lock  up  clutch  interrupt  valve  is  not 

supplied  with  said  second  hydraulic  fluid  pressure,  said  lock  up  c lu tch  

interrupt  valve  being  switched  to  its  said  second  switched  position  when 

the  pressure  value  of  said  governor  hydraulic  fluid  pressure  is  less  than  a  

critical  pressure  value,  and  being  switched  to  its  said  first  switched 

position  when  the  pressure  value  of  said  governor  hydraulic  fluid  pressure  is 

greater   than  said  critical  pressure  value. 

According  to  such  a  s tructure,   when  said  vehicle  is  running  at  a  road 

speed  over  a  critical  vehicle  road  speed  which  corresponds  to  said  c r i t ica l  

pressure  value  of  governor  hydraulic  fluid  pressure,  and  said  highest  speed 

stage  is  being  provided  by  said  gear  transmission  mechanism  according  to 

supply  of  said  first  hydraulic  fluid  pressure  and  non  supply  of  said  second 



hydraulic  fluid  pressure  thereto  by  said  hydraulic  fluid  pressure  con t ro l  

system,  said  lock  up  clutch  interrupt  valve  is  in  its  said  first  s w i t c h e d  

position,  thus  said  lock  up  clutch  control  valve  is  in  its  said  first  posi t ion,  

and  consequently  said  lock  up  clutch  is  engaged;  but,  when  vehicle  r o a d  

speed  drops  to  below  said  critical  vehicle  road  speed,  said  lock  up  c lu t ch  

interrupt  valve  moves  to  its  said  second  switched  position,  and  said  lock  up 
clutch  control  valve  moves  to  its  said  second  switched  position,  said  l ock  

up  clutch  consequently  becoming  disengaged;  and  then,  even  if  said  lock  up 
clutch  interrupt  valve  at  first  has  stuck  in  its  said  first  switched  posi t ion,  

thus  keeping  said  lock  up  clutch  engaged,  if  vehicle  road  speed  

subsequently  drops  so  far  as  for  said  hydraulic  fluid  pressure  control  sy s t em 

to  cease  supply  of  said  first  hydraulic  fluid  pressure  and  to  c o m m e n c e  

supply  of  said  second  hydraulic  fluid  pressure  so  as  to  provide  said  next  t o  

highest  speed  stage  from  said  gear  transmission  mechanism,  at  this  t i m e  

the  ceasing  of  supply  of  said  first  hydraulic  fluid  pressure  i m m e d i a t e l y  

causes  the  cessation  of  supply  of  said  control  pressure  to  said  lock  up 
clutch  control  valve,  thus  causing  said  lock  up  clutch  control  valve  to  be 

switched  to  its  said  second  position  so  as  to  disengage  said  lock  up  c lu tch;  

and  further  the  supply  of  said  second  hydraulic  fluid  pressure  to  said  lock 

up  clutch  interrupt   valve  positively  forces  said  lock  up  clutch  i n t e r r u p t  

valve  to  its  said  second  switched  position  by  breaking  the  sticking  the reo f ;  

according  to  which  operation  sticking  of  said  lock  up  clutch  interrupt  va lve  

is  remedied,  engagement   of  said  lock  up  clutch  when  said  vehicle  is 

operating  at  a  low  speed  or  at  rest  is  positively  prevented,  and  also  said 

lock  up  clutch is   positively  ensured  to  be  disengaged  whenever  said  gea r  

transmission  mechanism  is  shifting  between  its  said  speed  stages;  and 

therefore  stalling  of  said  vehicle  and  transmission  shift  shock  are  avoided.  

Further,  according  to  a  particular  aspect  of  the  present  invent ion,  

these  and  other  objects  are  more  particularly  and  concretely  accompl i shed  

by  such  a  transmission  control  system  as  described  above,  wherein  said  lock 

up  clutch  interrupt  valve  comprises  a  valve  element  which  has  a  f i r s t  

position  and  a  second  position,  and  a  means  for  biasing  said  valve  e l e m e n t  

towards  its  said  second  position;  said  governor  hydraulic  fluid  p ressure  

acting  on  said  valve  element  so  as  to  bias  said  valve  element  towards  i ts 

said  first  position;  said  second  hydraulic  fluid  pressure,  when  p resen t ,  

acting  on  said  valve  element  so  as  positively  to  bias  said  valve  element  to  



its  said  second  position  irrespective  of  the  value  of  said  governor  hydraul ic  

fluid  pressure;  said  lock  up  clutch  interrupt  valve  being  further  fo rmed 

with  an  input  port  which  is  supplied  with  said  first  hydraulic  fluid  pressure,  
when  it  is  present,  by  said  hydraulic  fluid  pressure  control  system,  and  an 

output  port  which  is  communicated  with  said  lock  up  clutch  control  valve 

so  that  hydraulic  fluid  pressure  present  at  said  output  port  is  supplied  to  

said  lock  up  clutch  control  valve  as  said  control  hydraulic  fluid  pressure;  
said  input  port  being  communicated  to  said  output  port  when  said  valve 

e lement   is  in  its  said  first  position;  and  said  input  port  being  put  out  of 

communicat ion  with  said  output  port  when  said  valve  element  is  in  its  said 

second  posi t ion.  

According  to  a  functional  specialization  of  the  present  invention, 

these  and  other•objects   may  be  more  particularly  accomplished  by  such  a 

transmission  control  system  as  described  above,  wherein,  when  said  lock  up 
clutch  interrupt  valve  is  in  its  said  first  switched  position  and  said  f i rs t  

hydraulic  fluid  pressure  is  present  and  is  being  supplied  to  said  lock  up 
clutch  control  valve  as  said  control  hydraulic  fluid  pressure,  said  f i rs t  

hydraulic  fluid  pressure  modifies  said  critical  hydraulic  fluid  pressure  value 

so  as  to  decrease  it. 

A  s tructure  that  is  part icularly  suitable  for  accomplishing  this 

function  is  provided  by  such  a  transmission  control  system  as  descr ibed 

above,  wherein,  when  said  valve  element  of  said  lock  up  clutch  in te r rup t  

valve  is  in  its  said  first  position  and  said  input  port  is  communicated  to  said 

output  port  and  said  first  hydraulic  fluid  pressure  is  present  at  both  said 

input  port  and  said  output  port  and  is  being  supplied  to  said  lock  up  clutch 

control  valve  as  said  control  hydraulic  fluid  pressure,  said  first  hydraulic 

fluid  pressure  exerts  a  force  on  said  valve  element  which  biases  said  valve 

element  towards  its  said  first  position;  and  this  can  be  accomplished  by  a 

construct ion  wherein  said  valve  element  of  said  lock  up  clutch  in te r rup t  

valve  is  formed  with  a  first  land  and  a  second  land  with  a  cutaway  portion 

between  said  first  and  said  second  land;  motion  of  said  valve  element  in  the  

direction  from  said  first  land  to  said  second  land  bringing  said  valve 

element  to  its  said  first  position,  and  motion  of  said  valve  element  in  the 

direction  from  said  s econd   land  to  said  first  land  bringing  said  valve 

element  to  its  said  second  position;  said  cutaway  portion,  when  said  valve 

element  is  in  its  said  first  position,  allowing  hydraulic  fluid  communica t ion  



there through  between  said  input  port  and  said  output  port;  and  wherein  the  

ef fec t ive   pressure  receiving  area  which  said  second  land  presents  to  

hydraulic  fluid  pressure  present  in  said  cutaway  portion  is  larger  than  is  t he  

effect ive  pressure  receiving  area  which  said  first  land  presents  to  said 

hydraulic  fluid  pressure.  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

The  present  invention  will  now  be  shown  and  described  with  r e f e r e n c e  

to  a  preferred  embodiment  thereof,  and  with  reference  to  the  i l lus t ra t ive  

drawing.  It  should  be  clearly  understood,  however,  that  the  description  of  

the  embodiment ,   and  the  drawing,  are  both  given  purely  for  the  purposes  of 

explanation  and  exemplification  only,  and  are  not  intended  to  be  l i m i t a t i v e  

of  the  scope  of  the  present  invention  in  any  way,  since  the  scope  of  the  

present  invention  is  to  be  defined  solely  by  the  legit imate  and  proper  scope  
of  the  appended  claims.  In  the  drawing,  the  sole  figure  thereof  is  a  

schemat ic   part  block  d iagrammat ica l   part  sectional  view,  showing  said 

preferred  embodiment  of  the  au tomat ic   transmission  control  s y s t e m  

according  to  the  present  invention,  with  parts  thereof  which  are  per  se  well  

known  in  the  art  and  conventional  shown  as  blocks  or  as  d iagrammat ic   line 

drawings  for  the  convenience  of  description,  and  with  certain  valves  shown 

by  longitudinal  cross  sectional  v iews.  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

The  present  invention  will  now  be  described  with  reference  to  the  

preferred   embodiment  thereof,   and  with  reference  to  the  appended 

drawing,  the  sole  figure  of  which  is  a  schematic  view  of  an  a u t o m a t i c  

t ransmission  control  system  according  to  the  present  invention.  In  t he  

figure,  the  shown  automatic  transmission  comprises  a  torque  converter   1,  a  

gear  transmission  mechanism  2,  and  a  hydraulic  fluid  pressure  con t ro l  

s y s t e m .  

The  torque  converter  1  comprises  a  torque  converter   system  and  a 

lock  up  clutch  assembly.  A  ro ta t ional   power  input  shaft  5,  whose  c e n t r a l  

rota t ional   axis  is  indicated  in  the  figure  by  the  line  X -  X,  receives  supply 

of  input  rotational  power  from  the  crankshaft   of  an  internal  combust ion  

engine  of  the  vehicle  to  which  the  automat ic   transmission  is  fitted,  ne i the r  

the  engine  nor  the  crankshaft   being  shown  in  the  figure,  and  this  power  

input  shaft  5  is  rotationally  coupled  to  a  housing  4  of  the  torque  conve r t e r  

1,  which  rotates  integrally  with  the  power  input  shaft  5,  and  which  has  an 



end  wall  4a.  A  pump  impeller  6  formed  with  vanes  thereon  is  r o t a t i o n a l l y  

coupled  to  a  part  on  the  right  in  the  figure  of  the  inside  of  the  t o r q u e  

converter   housing  4.  Coaxial  with  the  power  input  shaft  5  there  is  p rovided  

a  power  output  shaft  9  of  the  torque  converter  1,  and  this  power  o u t p u t  

shaft  9  is  rotat ional ly  coupled  to  a  turbine  member  with  vanes  f o r m e d  

thereon,  designated  by  the  reference  numeral  7.  Thus  the  rotat ional   axis  

of  this  power  output  shaft  9,  also,  is  the  line  shown  by  X -  X  in  the  f igure .  

A  stator  member  8  with  vanes  formed  thereon  is  mounted,  via  a  one  way  

brake  10,  to  a  fixed  member  11  of  the  torque  converter,  so  as  to  be  

rotatable  with  respect   thereto  in  one  preferred  rotational  direction  on ly ,  

again  about  the  line  shown  by  X -  X  in  the  figure.  In  a  per  se  conven t iona l  

way,  the  pump  impeller  6,  the  stator  member  8,  and  the  turbine  member  7 

cooperate,   when  the  housing  4  of  the  torque  converter  1  is  filled  w i th  

hydraulic  fluid,  to  define  a  toroidal  hydraulic  fluid  flow  circulation  s y s t e m ,  

which  is  adapted  to  transfer  torque  in  a  conventional  fashion  between  t h e  

pump  impeller  6  and  the  turbine  member  7. 

The  torque  converter  1  is  provided  with  a  lock  up  clutch  assembly  of  

a  per  se  well  known  sort,  which  will  now  be  explained.  To  the  power  o u t p u t  

shaft  9  there  is  coaxially  (again  about  the  axial  line  X -  X)  fixedly  coupled 

a  lock  up  clutch  plate  3,  on  the  left  hand  side  of  which  in  the  figure,  i.e.  on 

the  side  closest  to  the  end  wall  4a  of  the  torque  converter  housing  4,  t h e r e  

is  fixed  a  lining  76  made  of  a  material   adapted  to  frictionally  engage  

against  said  end  wall  4a  of  the  torque  converter  housing  4.  Accordingly,  in 

combination  with  said  end  wall  4a,  said  clutch  plate  3  constitutes  a  lock  up 

clutch  assembly,  which,  when  said  clutch  plate  3  is  impelled  towards  sa id  

end  wall  4a,  in  a  manner  which  will  be  explained  hereinafter,   r o t a t i ona l l y  

engages  said  clutch  plate  3  to  said  torque  converter  housing  4,  i .e.  

rotationally  engages  together  said  power  input  shaft  5  and  said  power  

output  shaft  9. 

The  lock  up  clutch  assembly  is  engaged  and  disengaged  by  t he  

direction  of  supply  of  actuating  hydraulic  fluid  pressure  thereto,  as  will 

now  be  explained.  Two  hydraulic  fluid  ports,  a  first  hydraulic  fluid  port  12 

and  a  second  hydraulic  fluid  port  13,  are  provided  for  conducting  hydraul ic  

fluid  into  and  out  of  the  inside  of  the  torque  converter  housing  4.  In  f a c t ,  

these  ports  12  and  13  are  only  schematical ly  shown  in  the  drawing;  t he  

practical  form  of  construction  therefor,  as  is  per  se  well  known  in  the  .art, 



is  for  these  ports  12  and  13  to  open  to  the  inner  space  within  the  t o rque  

converter   housing  5  from  within  central   openings  of  shafts  which  e x t e n d  

along  the  axis  of  the  torque  converter,   for  instance  from  within  c e n t r a l  

axial  holes  through  the  power  input  shaft  5  and/or  the  power  output  shaft  9 

of  the  torque  converter  1.  The  first  hydraulic  fluid  port  12  opens  to  t he  

part  of  the  space  within  the  torque  converter   housing  4  which  lies  to  t h e  

right  of  the  clutch  plate  3  in  the  figure,  and  which  is  designated  by  t he  

reference   numeral  14,  and  the  second  hydraulic  fluid  port  13  opens  to  t h e  

part  of  the  space  within  the  torque  converter   housing  4  which  lies  b e t w e e n  

the  end  wall  4a  of  the  torque  converter  housing  4  and  the  clutch  plate  3  in 

the  figure,  and  which  is  designated  by  the  reference   numeral  15. 

Accordingly,  when  a  flow  of  hydraulic  fluid  is  supplied  into  t h e  

interior  space  15  of  the  torque  converter  housing  4  which  lies  between  t h e  

end  wall  4a  of  the  torque  converter  housing  4  and  the  clutch  plate  3  in  t h e  

figure  in  through  the  second  hydraulic  fluid  port  13,  and  is  taken  out  of  t h e  

interior  space  14  of  the  torque  converter  housing  4  which  lies  to  the  r i g h t  

of  the  clutch  plate  3  in  the  figure  from  the  first  hydraulic  fluid  port  12, 

this  flow  of  hydraulic  fluid  of  course  serving  to  fill  the  inside  of  the  t o rque  

converter   housing  4  with  hydraulic  fluid  as  is  required  for  its  opera t ion ,  

then  the  excess  of  the  fluid  pressure  on  the  left  side  in  the  figure  of  t h e  

clutch  plate  3  over  the  fluid  pressure  on  the  right  side  thereof,  due  to  t h e  

rather  res t r ic ted   size  of  the  space  available  for  passage  of  hydraulic  f luid 

past  the  lining  76,  between  said  lining  76  and  the  end  wall  4a  of  the  t o r q u e  

converter   housing  4,  ensures  that  the  clutch  plate  3  as  a  whole  is  biased  to  

the  right  in  the  figure,  and  does  not  substantial ly  touch  the  end  wall  4a  of  

the  torque  converter   housing  4,  via  the  lining  76.  In  this  operational  s t a t e ,  

the  clutch  plate  3  and  the  torque  converter  housing  4  are  not  subs tan t i a l ly  

mechanical ly   rotat ionally  coupled  together,   and  accordingly  the  power  

input  shaft  5  and  the  power  output  shaft  9  of  the  torque  converter  1  a r e  

not  mechanical ly   coupled  together  with  regard  to  their  rotation,  bu t  

instead  are  only  rotationally  coupled  together   via  the  circulation  of  

hydraulic  fluid  within  the  torque  converter  1,  i.e.  are  only  ro t a t iona l ly  

coupled  together   in  a  torque  converting  fashion,  according  to  the  n o r m a l  

per  se  well  known  functioning  of  the  torque  converter  1.  In  other  words, 

the  lock  up  clutch  assembly  is  disengaged,  by  the  supply  of  hydraulic  f luid 

into  the  interior  space  15  of  the  torque  converter  housing  4  in  through  t h e  



second  hydraulic  fluid  port  13,  and  the  taking  of  hydraulic  fluid  out  of  the  

interior  space  14  of  the  torque  converter  housing  4  from  the  first  hydrau l ic  

fluid  port  12. 

On  the  other  hand,  when  a  flow  of  hydraulic  fluid  is  supplied  into  t h e  

interior  space  14  of  the  torque  converter  housing  which  lies  to  the  right  of  

the  clutch  plate  3  in  the  figure  4  in  through  the  first  hydraulic  fluid  po r t  

12,  and  is  taken  out  of  the  interior  space  15  of  the  torque  c o n v e r t e r  

housing  4  which  lies  between  the  end  wall  4a  of  the  torque  c o n v e r t e r  

housing  4  and  the  clutch  plate  3  in  the  figure  from  the  second  hydraul ic  

fluid  port  13,  this  flow  of  hydraulic  fluid  again  of  course  serving  to  fill  t he  

inside  of  the  torque  converter  housing  4  with  hydraulic  fluid  as  is  r equ i red  

for  its  operation,  then  the  excess  of  the  fluid  pressure  on  the  right  side  in 

the  figure  of  the  clutch  plate  3  over  the  fluid  pressure  on  the  left  s ide 

thereof,  due  to  the  rather  restr icted  size  of  the  space  available  for  passage  
of  hydraulic  fluid  past  the  lining  76,  between  said  lining  76  and  the  end  wal l  

4a  of  the  torque  converter  housing  4,  ensures  that  the  clutch  plate  3  as  a  

whole  is  biased  to  the  left  in  the  figure,  and  is  pressed  tightly  against  t h e  

end  wall  4a  of  the  torque  converter  housing  4,  via  the  lining  76.  In  this 

operat ional   state,  the  clutch  plate  3  and  the  torque  converter  housing  4  a r e  

mechanically  rotationally  coupled  together,  and  accordingly  the  power 

input  shaft  5  and  the  power  output  shaft  9  of  the  torque  converter  1  a re  

mechanically  coupled  together  with  regard  to  their  rotation,  and  the i r  

rotat ional   coupling  together  by  the  circulation  of  hydraulic  fluid  within  t he  

torque  converter  1,  according  to  the  normal  per  se  well  known  func t ion ing  

of  the  torque  converter  1,  ceases  to  be  of  any  importance.  In  this 

condition,  the  circulation  of  hydraulic  fluid  within  the  torque  converter  1 

soon  ceases,  and  the  body  of  hydraulic  fluid  within  the  housing  4  of  the  

torque  converter   1,  the  housing  4,  the  pump  impeller  6,  the  turbine  m e m b e r  

7,  and  the  stator  8  soon  rotate  together  as  one  unit,  at  substantially  t h e  

same  rotat ional   speed.  In  other  words,  the  lock  up  clutch  assembly  is 

engaged,  by  the  supply  of  hydraulic  fluid  into  the  interior  space  14  of  t he  

torque  converter  housing  4  in  through  the  first  hydraulic  fluid  port  12,  and 

the  taking  of  hydraulic  fluid  out  of  the  interior  space  15  of  the  to rque  

converter  housing  4  from  the  second  hydraulic  fluid  port  17.  This  mode  of 

engaging  and  disengaging  the  lock  up  clutch  assembly  is  per  se  well 

known  in  the  art.  As  will  be  seen  later,  the  lock  up  clutch  assembly  is 



engaged  when  the  vehicle  is  running  at  a  road  speed  higher  than  a 

p rede te rmined   road  speed  with  the  gear  transmission  mechanism  providing 
its  highest  speed  stage,  and  is  otherwise  positively  d isengaged.  

The  gear  transmission  mechanism  2  is  only  shown  as  a  s c h e m a t i c  

block  in  the  drawing,  because  many  versions  thereof  are  already  well  

known  and  conventional.  This  gear  transmission  mechanism  2  is  made  up  of 

an  overdrive  mechanism  16  and  a  low/direct   gear  mechanism  25.  The 

power  output  shaft  9  of  the  torque  converter  1  also  serves  as  the  power 

input  shaft  for  the  overdrive  mechanism  16,  and  the  overdrive  mechanism 

16  has  a  power  output  shaft  22  which  also  serves  as  the  power  input  sha f t  

for  the  low/direct   gear  mechanism  25,  said  shaft  22,  again,  being  r o t a t a b l e  

about  its  central  rotational  axis  which  lies  along  the  line  shown  by  X -  X  in 

the  f igure .  

The  overdrive  mechanism  16  will  now  be  described.  This  overdr ive  

mechanism  16  comprises  an  overdrive  casing  11.  The  shaft  9,  which  serves 

to  t ransmit   rotational  power  from  the  torque  converter  1  to  the  overdr ive  

mechanism  16,  is  connected  to  a  carrier  20  of  a  planetary  gear  mechanism 

of  the  overdrive  mechanism  16,  and  on  the  carrier  20  there  is  ro t a t ab ly  

mounted  a  planetary  pinion  19  (of  course,  in  fact,  several  planetary  pinions 

such  as  19  are  incorporated  in  this  planetary  gear  mechanism,  but  only  one 

of  them  is  schematically  shown  in  the  figure),  and  this  planetary  pinion  19 

rota tes   in  a  per  se  conventional  way  around  a  sun  gear  17.  The  outside  of 

the  planetary  pinion  19  is  meshed  with  a  ring  gear  18.  Between  the  sun 

gear  17  and  the  carrier  20  there  are  provided,  in  parallel,  a  one  way  c lu tch  

24  for  rotat ionally  connecting  them  together   in  one  direction  only,  and  a  

multi  plate  clutch  23  for  selectively  rotat ionally  connecting  them  t oge the r  

in  both  rotat ional   directions;  and,  further,  between  the  sun  gear  17  and  the  

casing  11  of  the  overdrive  mechanism  16  there  is  provided  a  multi  p la te  

brake  21,  for  selectively  rotationally  connecting  them  together.   The  multi  

plate  brake  21  and  the  multi  plate  clutch  23  are  both  of  them  cons t i t u t ed  

as  hydraulic  fluid  pressure  act ivated  friction  engaging  mechanisms,  and  are  

both  of  them  adapted  to  be  selectively  engaged  and  disengaged  by  se lec t ive  

supply  of  hydraulic  fluid  pressures  Pb  and  Pc  respectively  thereto,  via 

hydraulic  fluid  conduits  71  and  72  respectively,   from  the  hydraulic  fluid 

pressure  transmission  control  system  27,  as  will  be  explained  later.  The 

ring  gear  18  is  connected  to  the  above  mentioned  shaft  22,  which  as 



explained  above  serves  as  the  power  output  shaft  of  the  overdr ive  

mechanism  16. 

Thus,  when  actuating  hydraulic  fluid  pressure  Pb  is  supplied  from  the  

hydraulic  fluid  pressure  control  system  27  via  the  hydraulic  fluid  conduit  71 

to  the  multi  plate  brake  21  of  the  overdrive  mechanism  16,  so  that  the  

multi  plate  brake  21  is  engaged,  and  no  actuating  hydraulic  fluid  pressure  

Pc  is  supplied  from  the  hydraulic  fluid  pressure  control  system  27  via  the  

hydraulic  fluid  conduit  72  to  the  multi  plate  clutch  23  of  the  overdr ive  

mechanism  16,  so  that  the  multi  plate  clutch  23  is  disengaged,  then  the  sun 

gear  17  is  rotationally  fixed  to  the  housing  11  of  the  overdrive  mechanism 

16,  while  the  carrier  20  is  free  to  rotate  with  respect  to  the  sun  gear  17 

and  the  housing  11,  and  accordingly  in  a  per  se  well  known  way  the 

overdrive  mechanism  16  operates  in  its  mode  of  increasing  r o t a t i o n a l  

speed,  in  which  its  power  output  shaft  22  rotates  at  a  higher  r o t a t i ona l  

speed  than  does  its  power  input  shaft  9.  On  the  other  hand,  when  no 

actuat ing  hydraulic  fluid  pressure  Pb  is  supplied  from  the  hydraulic  fluid 

pressure  control  system  27  via  the  hydraulic  fluid  conduit  71  to  the  multi  

plate  brake  21  of  the  overdrive  mechanism  16,  so  that  the  multi  p la te  

brake  21  is  disengaged,  and  actuating  hydraulic  fluid  pressure  Pc  is  supplied 

from  the  hydraulic  fluid  pressure  control  system  27  via  the  hydraulic  fluid 

conduit  72  to  the  multi  plate  clutch  23  of  the  overdrive  mechanism 16,  so 

that  the  multi  plate  clutch  23  is  engaged,  then  the  sun  gear  17  is 

rotat ionally  fixed  to  the  carrier  20,  while  this  combination  of  the  sun  gear  
17  and  the  carrier  20  is  free  to  rotate  with  respect  to  the  housing  11  of  the  

overdrive  mechanism  16,  and  accordingly  in  a  per  se  well  known  way  the  

overdrive  mechanism  16  operates  in  its  mode  of providing  direct  r o t a t iona l  

coupling,  in  which  its  power  output  shaft  22  rotates  at  the  same  ro ta t iona l  

speed  as  does  its  power  input  shaft  9. 

Now  the  low/direct  gear  transmission  mechanism  25  will  be 

described,  with  regard  to  its  function.  The  low/direct  gear  t ransmiss ion 

mechanism  25  incorporates  several  per  se  well  known  hydraulic  fluid 

pressure  activated  friction  engagement   mechanisms  such  as  multi  p la te  

clutches  and  multi  plate  brakes,  one  of  which  is  schematical ly  shown  by  a 

block  denoted  by  the  reference  numeral  26  in  the  drawing,  and,  according 

to  selective  supply  of  one  or  another  particular  combination  of  ac t iva t ing  

hydraulic  fluid  pressures  from  the  hydraulic  fluid  pressure  control  system 



27  which  will  be  described  later  to  various  combinations  of  these  f r ic t ion  

engagement  mechanisms  such  as  the  friction  engagement   mechanism  26  via 

hydraulic  fluid  conduits  such  as  a  hydraulic  fluid  conduit  70,  in  a  per  se  
well  known  way  the  low/direct   g e a r   transmission  mechanism  25  is 

controlled  to  provide  one  or  another  of  a  plurality  of  different   t ransmiss ion  

ratios,  including  a  direct  speed  transmission  ratio  and  various  speed  

reduction  ratios,  between  its  power  input  shaft  22  and  its  power  ou tpu t  

shaft,   which  is  not  part icularly  shown  in  the  figure,  but  .which,  again,  

ro ta tes   about  the  axis  shown  by  the  line  X -  X  in  the  figure.  The  hydraul ic  

fluid  pressure  act ivated  friction  engagement  mechanism  26  is  se lec t ive ly  

supplied  with  activating  hydraulic  fluid  pressure  Pd,  or  a l ternat ively  is 

relieved  of  said  supply  of  hydraulic  fluid  pressure,  via  the  hydraulic  fluid 

conduit  70,  and,  when  the  hydraulic  fluid  pressure  act ivated  f r i c t i on  

engagement  mechanism  26  is  so  supplied  with  activating  hydraulic  fluid 

pressure  Pd,  and  appropriate  combinations  of  the  other  hydraulic  fluid 

pressure  activated  friction  engagement  mechanisms  which  are  n o t  

part icularly  shown  of  the  low/direct   gear  transmission  mechanism  25  a r e  

supplied  with  activating  hydraulic  fluid  pressures  via  conduits  which  a r e  

also  not  shown,  then  the  low/direct   gear  transmission  mechanism  25  is 

controlled  to  provide  its  directly  connected  speed  stage,  in  which  its  power  

output  shaft  rotates  at  the  same  rotational  speed  as  does  its  power  input  

shaft  22;  while,  on  the  other  hand,  when  the  hydraulic  fluid  pressure  

act ivated  friction  engagement  mechanism  26  is  not  supplied  with  such 

act ivat ing  hydraulic  fluid  pressure  Pd,  and  various  other  app ropr i a t e  

combinations  of  the  other  hydraulic  fluid  pressure  act ivated  f r i c t ion  

engagement  mechanisms  of  the  low/direct   gear  transmission  mechanism  25 

are  supplied  with  activating  hydraulic  fluid  pressures,  then  the  l ow/d i r ec t  

gear  transmission  mechanism  25  is  controlled  to  provide  various  reducing  

speed  stages,  in  which  its  power  output  shaft  rotates  at  a  lower  r o t a t i o n a l  

speed  than  does  its  power  input  shaft  22. 

The  above  mentioned  hydraulic  fluid  pressure  control  system  27  is 

only  shown  by  a  block  in  the  drawing,  because  such  hydraulic  fluid  pressure  

control  systems  are  already  per  se  well  known  in  various  different  forms.  

Further,   the  various  elements  of  the  hydraulic  fluid  pressure  con t ro l  

system  27  are  also  only  shown  by  blocks  in  the  drawing,  because  these  

elements  likewise  are  already  per  se  well  known  in  various  different  forms.  



Elements  of  the  hydraulic  fluid  pressure  control  system  27  receive  supply 

of  pressurized  hydraulic  fluid,  which  is  picked  up  from  a  hydraulic  f luid 

reservoir  28  and  is  pressurized  by  a  hydraulic  fluid  pump  29,  via  a  l ine 

hydraulic  fluid  pressure  control  valve  30,  which  controls  the  pressure  o f  

this  hydraulic  fluid  to  a  controlled  line  hydraulic  fluid  pressure  PI  by 

releasing 'a   part  of  this  pressurized  hydraulic  fluid  to  a  relief  passage  no t  

shown  in  the  figure,  which  leads  back  to  said  hydraulic  fluid  reservoir  28. 

Further,  the  hydraulic  fluid  pressure  control  system  27  also comprises  a  

torque  converter  hydraulic  fluid  pressure  control  valve  37,  which  r ece ives  

supply  of  said  hydraulic  fluid  which  is  being  released  from  the  l ine  

hydraulic  fluid  pressure  control  valve  30,  and  which  controls  the  p ressu re  
of  this  released  hydraulic  fluid  to  a  controlled  torque  converter  hydraul ic  

fluid  pressure  Pq,  which  is  of  course  lower  than  the  above  mentioned  l ine 

hydraulic  fluid  pressure  Pl.  The  hydraulic  fluid  pressure  control  system  27 

may  also  control  the  standard  value  Pl  of  the  line  hydraulic  fluid  p ressure  
and  the  standard  value  Pq  of  the  torque  converter  hydraulic  fluid  pressure ,  

according  to  various  different  operational  considerations,  but  this  is  n o t  

strictly  relevant  to  the  present  invention.  

Further,  the  hydraulic  fluid  pressure  control  system  27  comprises  a  

throttle  hydraulic  fluid  pressure  control  valve  32  of  a  per  se  well  known 

sort,  which  produces  a  throttle  hydraulic  fluid  pressure  Pth  by  r egu la t ing  

the  line  hydraulic  fluid  pressure  PI  produced  by  the  line  hydraulic  fluid 

pressure  control  valve  30  according  to  the  current  amount  of  depression  of  

a  throttle  pedal  of  the  vehicle  incorporating  this  transmission  system,  and 

also  comprises  a  governor  hydraulic  fluid  pressure  control  valve  33,  also  of  

a  per  se  well  known  sort,  which  similarly  produces  a  governor  hydraul ic  

fluid  pressure  Pgo  by  regulating  the  line  hydraulic  fluid  pressure  PI 

produced by  the  line  hydraulic  fluid  pressure  control  valve  30  according  to  

the  current  value  of  the  road  speed  of  the  vehicle  incorporating  this  

t ransmiss ion   system.  Yet  further,  the  hydraulic  fluid  pressure  con t ro l  

system  27,  as  mentioned  above,  selectively  supplies  the  line  hydraulic  fluid 

pressure  PI  as  actuating  hydraulic  fluid  pressures  such  as  Pb,  Pc,  and  Pd  to  

the  various  friction  engaging  mechanisms  of  the  gear  t ransmiss ion 

mechanism  2,  including  the  multi  plate  brake  21,  the  multi  plate  clutch  23, 

and  the  friction  engaging  mechanism  26,  via  hydraulic  fluid  conduits  such 

as  the  hydraulic  fluid  conduits  71,  72,  and  70  (the  others  of  these  f r i c t ion  



engaging  mechanisms  and  hydraulic  fluid  conduits  not  being  shown), 

according  to  various  different  operational   conditions  of  the  vehicle  

incorporat ing  this  transmission  including  the  range  of  t ransmission  speeds  

such  as  "D"  range  and  "L"  range  manually  selected  by  the  driver  of  t he  

vehicle  on  a  manual  range  selection  valve  31  and  the  current  values  of 

acce le ra to r   pedal  depression  and  vehicle  road  speed.  To  this  end,  as  is  per  

se  well  known  in  the  art,  the  hydraulic  fluid  pressure  control  system  27 

switches  said  supplies  Pb,  Pc,  Pd,  etc.  of  the  line  hydraulic  fluid  p ressure  

Pl  according  to  the  switching  actions  of  a  f irst /second  speed  swi tch ing  

valve  34,  a  second/third  speed  switching  valve  35,  and  a  th i rd / four th   speed  

switching  valve  36,  each  of  said  switching  valves  34,  35,  and  36  compr i sed  

in  the  hydraulic  fluid  pressure  control  system  27  being  supplied  with  the  

above  specified  throttle  hydraulic  fluid  pressure  Pth  and  governor  hydraul ic  

fluid  pressure  Pgo  in  such  a  way  that  these  hydraulic  fluid  pressures  P th  

and  Pgo  oppose  one  another  in  their  effects  thereon,  and  being  swi t ched  

between  its  two  switched  states  according  to  its-  own  part icular   ba lance  

relationship  between  said  thrott le   hydraulic  fluid  pressure  Pth  and  said 

governor  hydraulic  fluid  pressure  Pgo.  The  hydraulic  fluid  pressure  con t ro l  

system  27  also  supplies  a  supply  of  the  torque  converter  hydraulic  fluid 

pressure  Pq  to  the  lock  up  clutch  of  the  torque  converter  1,  via  a  hydraul ic  

fluid  conduit  42  and  the  lock  up  clutch  control  valve  38,  so  as  to  o p e r a t e  

said  lock  up  clutch  to  be  either  engaged  or  disengaged  according  to  the  

switching  position  of  the  lock  up  clutch  control  valve  38,  as  will  be 

explained  in  detail  later.  Further,  the  hydraulic  fluid  pressure  con t ro l  

system  27  supplies  various  hydraulic  fluid  pressures  for  controlling  a  lock 

up  clutch  interrupt  valve  54,  and  for  being  switched  by  said  lock  up  c lu tch  

interrupt   valve  54,  via  hydraulic  fluid  conduits  57,  59,  and  62,  as  will  also 

be  explained  in  detail  l a t e r .  

Now  the  lock  up  clutch  control  valve  38  will  be  described.  This  lock 

up  clutch  control  valve  38  comprises  a  valve  housing  in  which  there  is 

formed  a  bore,  and  a  valve  spool  member  39  which  is  slidingly  fitted  into 

said  bore,  so  as  to  reciprocate  in  the  upwards  and  downwards  directions  as 

seen  in  the  drawing.  Above  said  valve  spool  member  39  in  said  bore,  the re  

is  slidingly  fitted  a  piston  member  40,  the  lower  end  of  which  in  the 

drawing  contacts  the  upper  end  of  the  valve  spool  member  39.  The  lower  

end  in  the  drawing  of  the  valve  spool  member  39  is  formed  with  a  land  50, 



the  diameter   of  which  is  substantially  larger  than  the  diameter  of  the  

piston  member  40.  Further,  a  compression  coil  spring  41  is  provided  a b o v e  .  

said  p is ton member   40  in  said  bore,  so  as  to  bias  said  piston  member  40  and 

said  valve  spool  member  39  downwards  as  seen  in  the  drawing,  and  so  as  to  

bear  on  the  top  end  of  said  bore.  At  the  upper  end  of  said  bore  as  seen  in 

the  drawing,  above  said  piston  member  40,  there  is  thus  defined  within  sa id  

valve  bore  a  first  pressure  chamber,  to  which  a  junior  control  port  52 

communicates ,   the  pressure  within  this  first  pressure  chamber  acting  on 

the  combination  of  the  valve  spool  member  39  and  the  piston  member  40 

over  an  effective  pressure  receiving  area  defined  by  the  diameter  of  t he  

piston  member  40  so  as  to  bias  them  downwards  as  seen  in  the  drawing;  

and,  at  the  lower  end  of  said  bore  as  seen  in  the  drawing,  below  said  valve 

spool  member  39,  there  is  defined  within  said  valve  bore  a  second  p ressure  

chamber,  to  which  a  senior  control  port  51  communicates ,   the  p ressure  
within  this  second  pressure  chamber  act ing  on  the  combination  of  the  valve 

spool  member  39  and  the  piston  member  40  over  an  effective  p ressure  

receiving  area  defined  by  the  diameter  of  the  land  50  of  the  valve  spool 

member  39  so  as  to  bias  them  upwards  as  seen  in  the  drawing.  The  valve  

spool  member  39  and  the  piston  member  40  can  move  either  to  downwardly 

biased  positions  within  the  valve  bore  of  the  lock  up  clutch  control  va lve  

38,  as  seen  to  the  left  of  the  central  axis  of  said  bore  in  the  drawing,  or  to  

upwardly  biased  positions  within  said  valve  bore,  as  seen  to the  right  of  the  

central  axis  of  said  valve  bore  in  the  drawing. 

The  line  hydraulic  fluid  pressure  Pl  is  always  supplied,  via  a  hydraul ic  

fluid  conduit  74,  from  the  hydraulic  fluid  pressure  control  system  27  to  the  

junior  port  52  of the  lock  up  clutch  control  valve  38,  and  thus  to  said  f i r s t  

pressure  chamber  at  the  upper  end  of  the  valve  bore  thereof.  Thus,  when 

actuat ing ' l ine  hydraulic  fluid  pressure  PI  is  also  supplied,  via  the  hydraul ic  

fluid  conduit  64  as  will  be  explained  later,  to  said  second  pressure  c h a m b e r  

at  the  bottom  of  said  valve  bore  to  which  the  senior  control  port  51  of  this  

lock  up  clutch  control  valve  38  communicates,   because  of  the  above  

mentioned  substantial   difference  in  the  diameters  of  the  land  portion  50  of  

the  valve  spool  member  39  and  of  the  piston  member  40,  the  valve  spool 

member  39  and  the  piston  member  40  are  both  positively  and  def in i te ly  

driven  upwards  as  seen  on  the  right  of  the  central  axis  of  the  bore  of  the  

direct  clutch  control  valve  38  in  the  drawing  against  the  biasing  action  of  



the  compression  coil  spring  41  which  is  overcome,  and  against  the  f o rce  

due  to  said  line  hydraulic  fluid  pressure  Pl  which  is  as  explained  above 

always  provided  to  the  first  pressure  chamber  at  the  top  of  said  valve  bore  

to  which  the  junior  control  port  52  communicates ;   but,  on  the  other  hand, 

when  no  line  hydraulie  fluid  pressure  PI  is  supplied  to  the  second  pressure  
chamber  at  the  bottom  of  said  valve  bore  to  which  the senior  control  po r t  

51  communicates ,   then  the  valve  spool  member  39  and  the  piston  m e m b e r .  

40  are  driven  downwards  as  seen  on  t he  l e f t   of  the  drawing  by  the  l ine 

hydraulic  fluid  pressure  Pl  always  present  in  the  first  pressure  chamber  a t  

the  top  of  said  valve  bore  to  which  the  jun ior   control  port  52 

communicates ,   with  the  aid  of  the  biasing  action  of  the  compression  coil  

spring  41.  Thus,  it  will  be  seen  that  sticking  of  the  valve  spool  member  39 

and  the  piston  member  40  of  the  lock  up  clutch  control  valve  38  in  e i t h e r  

of  their  switched  positions  is  positively  prevented,  because  the  action  of  

the  compression  coil  spring  41  is  not  relied  upon  for  biasing  said  valve  spool  

member  39 and said  piston  member  40;  and  that  said  valve  spool  m e m b e r ,  
39  and  said  piston  member  40  are  moved  between  their  upwardly  b iased 

positions  and  their  downwardly  biased  positions  within  the  valve  bore  o f  .  

said  lock  up  clutch  control  valve  38,  according  as  to  whether  line  hydraul ic  

fluid  pressure  is  or  is  not  supplied  to  said  second  pressure  chamber  def ined 

at  the  lower  end  of  said  valve  bore,  to  which  said  senior  control  port  51 

c o m m u n i c a t e s .  

The  lock  up  clutch  control  valve  38  is  provided  with  five  swi tched  

ports  43,  44,  47,  48,  and  53.  When  the  valve  spool  member  39  is  i n . i t s  

downwardly  biased  position  within  the  valve  bore  as  seen  on  the  left  of  the  

central   axis  of  the  valve  bore  in  the  drawing,  then  the  port  53  is  n o t  

connected  to  any  other  port,  while  the  ports  43  and  44  are  c o m m u n i c a t e d  

to  one  another,   and  the  ports  47  and  48  are  also  communicated  to  one 

another.  On  the  other  hand,  when  the  valve  spool  member  39  is  in  i t s  

upwardly  biased  position  within  the  valve  bore  of  the  lock  up  clutch  con t ro l  

valve  38  as  seen  on  the  right  of  the  central   axis  of  the  valve  bore  in  t he  

drawing,  then  the  port  48  is  not  connected  to  any  other  port,  while  the  

ports  44  and  53  are  communicated  to  one  another,  and  the  ports  43  and  47 

are  also  communicated   to  one  another.  Further,  at  all  times  the  ports  47 

adn  48  are  connected,  via  a  restr icted  orifice  77. 



These  switching  ports  of  the  lock  up  clutch  control  valve  38  a r e  

connected  as  follows.  The  senior  control  port  51  is  connected,  via  a  

hydraulic  fluid  conduit  64,  a  lock  up  clutch  interrupt  valve  54  which  will  be 

explained  later,  and  a  hydraulic  fluid  conduit  62,  to  the  hydraulic  fluid 

pressure  control  system  27,  for  selectively  receiving  supply  of  s w i t c h i n g '  

hydraulic  fluid  pressure  Pb  for  switching  the  lock  up  control  valve  38,  as 

will  be  explained  in  detail  in  what  follows  with  respect  to  the  operation  o f  

this  preferred  embodiment  of  t h e  au toma t i c   transmission  control  sys tem 

according  to  the  present  invention.  The  junior  control  port  52  is 

connected,  via  the  hydraulic  fluid  conduit  74,  to  the  hydraulic  fluid 

pressure  control  system  27,  for  always  receiving  supply  of  line  hydraul ic  

fluid  pressure  Pl,  as  explained  above.  The  port  43  is  connected,  via  the  

hydraulic  fluid  conduit  42,  to  the  hydraulic  fluid  pressure  control  sys tem 

27,  for  receiving  supply  of  the  torque  converter  hydraulic  fluid  pressure  Pq. 

The  port  53  is  a  drain  port  for  selectively  releasing  hydraulic  fluid  from  t h e  

torque  converter  1,  as  will  be explained  later.  The  port  47  i s  connec ted ,  

via'a  hydraulic  fluid  conduit  46,  to  the first   hydraulic  fluid  port  12,  a l r eady  

mentioned,  which leads  to  the  interior  space  14  within  the  torque  conve r t e r  

housing  4  which  lies  to  the  right  of  the  clutch  plate  3  in  the  figure  4.  T h e  '  

port  44  is  connected,  via  a  hydraulic  fluid  conduit  45,  to  the  second 

hydraulic  f lu id  por t   13,  already  mentioned,  which  leads  to  the  in te r ior  

space  15  within  the  torque  converter  housing  4  which  lies  between  the  end 

wall  4a  of  the  torque  converter  housing  4  and  the  clutch  plate  3  in  t h e  

figure,  to  the  left  of  the  clutch  plate  13.  And  the  port  48  is  connected,  via 

a  hydraulic  fluid  conduit  49,  to  the  input  side  of  a  hydraulic  fluid  cooler,  

not  shown  in  the  drawing,  the  output  side  of  which  is  drained  t o  t h e  

hydraulic  fluid  reservoir  28. 

Thus,  when  the  lock  up  clutch  assembly  is  to  be  activated  to  be  in  i ts  

locked  up  state  operational  condition,  then  an  actuating  supply  of  hydraulic 

fluid  pressure  Pb  of  pressure  magnitude  substantially  equal  to  the  l ine 

hydraulic  fluid  pressure  PI  is  supplied  from  the  lock  up  clutch  i n t e r rup t  

valve  54,  via  the  hydraulic  fluid  conduit  64,  as  will  be  explained  later,  to 

the  senior  control  port  51  of  the  lock  up  clutch  control  valve  38,  and  this  

hydraulic  fluid  pressure  present  within  the  second  pressure  chamber  

defined  at  the  bottom  of  the  valve  bore  of  said  lock  up  clutch  control  valve 

38  drives  the  valve  spool  member  39  and  the  piston  member  40  of  the  lock 



up  clutch  control  valve  38  upwards  as  seen  in  the  drawing  to  their  pos i t ions  

as  seen  on  the  right  of  the  central  axis  of  the  valve  bore  in  the  drawing,  

against  the  biasing  actions  of  the  compression  force  of  the  compress ion  

coil  spring  41  and  of  the  line  hydraulic  fluid  pressure  Pl  which  is  p r e s e n t  

within  the  first  pressure  chamber  at  the  top  of  the  bore  of  the  lock  up 

clutch  control  valve  38  which  are  overcome.  In  this  state,  further,   t h e  

hydraulic  fluid  pressure  control  system  27  supplies  the  torque  c o n v e r t e r  

hydraulic  fluid  pressure  Pq  via  the  hydraulic  fluid  conduit  42  to  the  port  43 

of  the  lock  up  clutch  control  valve  38,  whence  this  pressure  is  t r a n s m i t t e d  

to  the  port  47  thereof,  whence  it  is  t ransmit ted,   via  the  hydraulic  f luid 

conduit  46,  to  the  first  hydraulic  fluid  port  12  of  the  torque  c o n v e r t e r  

housing  4.  Hydraulic  fluid  therefore  passes  in  through  this  first  hydrau l ic  

fluid  port  12  to  the  space  14  inside  of  the  torque  converter  housing  4  to  t h e  

right  in  the  drawing  of  the  lock  up  clutch  plate  3,  fills  the inside  of  t h e  

torque  converter  housing  4  as  is  of  course  required,  flows  past  the  o u t e r  

edge  of  the  lock  up  clutch  plate  3,  between  the  lining  76  mounted  on  this  

outer  edge  and  the  end  wall  4a  of  the  torque  converter  housing  4,  to  t he  

space  15  inside  the  torque  converter  housing  4  to  the  left  in  the  drawing  of  

the  lock  up  clutch  plate  3,  and  is  taken  out  through  the  second  hydraul ic  

fluid  port  13  from  the  space  15.  From  this  second  hydraulic  fluid  port  13, 

said  hydraulic  fluid  flow  is  passed  through  the  conduit  45  to  the  port  44  of  

the  lock  up  clutch  control  valve  38,  whence  it  is  t ransmitted  to  the  port  53 

thereof,  whence  it  is  drained  to  the  hydraulic  fluid  reservoir  28. 

This  flow  of  hydraulic  fluid,  as  explained  above,  causes  an  excess  of 

fluid  pressure  on  the  right  side  in  the  figure  of  the  clutch  plate  3  over  t he  

fluid  pressure  on  the  left  side  thereof,  due  to  the  rather  res t r ic ted  size  of 

the  space  available  for  passage  of  hydraulic  fluid  past  the  lining  76, 

between said  lining  76  and  the  end  wall  4a  of  the  torque  converter  housing 

4,  and  this  pressure  difference  ensures  that  the  clutch  plate  3  as  a  whole  is 

biased  to  the  left  in  the  figure,  and  is  pressed  tightly  against  the  end  wall  

4a  of  the  torque  converter  housing  4,  via  the  lining  76,  thus  causing  the  

clutch  plate  3  and  the  torque  converter  housing  4  to  be  mechan ica l ly  

rotationally  coupled  together.   Accordingly  the  power  input  shaft  5  and  t h e  

power  output  shaft  9  of  the  torque  converter  1  are  mechanically  coupled 

together  with  regard  to  their  rotation,  and  the  lock  up  clutch  assembly  is 

engaged,  by  the  supply  of  hydraulic  fluid  into  the  interior  of  the  t o r q u e  



converter   housing  4  in  through  the  first  hydraulic  fluid  port  12,  and  the  

taking  of  hydraulic  fluid  out  of  the  interior  of  the  torque  converter   housing 

4  from  the  second  hydraulic  fluid  port  13. 

In  this  state,  the  port  48  of  the  lock  up  clutch  control  valve  38  is 

closed  by  the  land  portion  50  of  the  valve  spool  member  39,  and  hence  only 

a  small  flow  of  hydraulic  fluid  is  passed  through  the  hydraulic  fluid  cooler ,  

i.e.  a  small  flow  of  hydraulic  fluid  which  passes  through  the  r e s t r i c t e d  

orifice  77  from  the  port  47  and  hence  which  bypasses  the  torque  conve r t e r  

1.  However,  at  this  time,  since  the  lock  up  clutch  assembly  is  engaged,  t he  

circulat ion  of  hydraulic  fluid  within  the  torque  converter  1  has  ceased,  and 

the  body  of  fluid  within  the  housing  4  of  the  torque  converter  1  is  r o t a t i n g  

as  a  unit  together  with  the  housing  4,  the  pump  impeller  6,  the  turbine 

member  7,  and  the  stator  8,  all  these  being  in  rotation  at  substantially  t he  

same  rotat ional   speed,  and  accordingly  very  little  heat  is  being  g e n e r a t e d  

within  the  torque  converter  1  by  the  churning  of  hydraulic  fluid  there in ,  

because  little  frictional  loss  is  occuring  in  the  torque  converter  1. 

Therefore,   only  a  small  cooling  effect  is  necessary  to  be  provided  by  the  

hydraulic  fluid  cooler  at  this  t i m e .  

On  the  other  hand,  as  will  be  explained  later,  when  the  lock  up  c lu tch  

assembly  is  to  be  activated  to  be  in  its  disengaged  operational  condit ion,  

then  no  actuat ing  supply  of  hydraul ic ' f luid  pressure  is  supplied  from  the  

lock  up  clutch  interrupt  valve  54  via  the  hydraulic  fluid  conduit  64  to  the 

senior  control  port  51  of  the  lock  up  clutch  control  valve  38,  or  to  the  f i r s t  

pressure  chamber  defined  at  the  bottom  of  the  valve  bore  thereof  to  which 

said  senior  control  port  51  opens,  and  thus,  because  the  hydraulic  fluid 

pressure  control  system  27  still  is  sending  supply  of  the  line  hydraulic  fluid 

pressure  Pl  to  the  junior  control  port  52  of  the  lock  up  clutch  cont ro l  va lve  

38,  accordingly  by  the  biasing  actions  of  the  compression  coil  spring  41  and 

of  the  pressure  of  this  line  hydraulic  fluid  pressure  Pl  which  the  hydraulic 

fluid  pressure  control  system  27  supplies  to  the  second  pressure  chamber  

defined  at  the  top  of  the  bore  of  the  lock  up  clutch  control  valve  38  in  the  

figure  via  the  junior  control  port  52,  the  valve  spool  member  39  of  the  lock 

up  clutch  control  valve  38  and  the  piston  member  40  thereof  are  sh i f t ed  

downwards  as  seen  in  the  drawing  to  their  positions  as  seen  on  the  left  of 

the  central   axis  of  the  valve  bore  in  the  drawing.  In  this  state,  again,  the  

hydraulic  fluid  pressure  control  system  27  supplies  the  torque  conver t e r  



hydraulic  fluid  pressure  Pq  via  the  hydraulic  fluid  conduit  42  to  the  port  43 

of  the  lock  up  clutch  control  valve  38,  whence  this  pressure  is  t r a n s m i t t e d  

to  the  port  44  thereof,  whence  it  is  now  in  this  case  t ransmit ted ,   via  t h e  

hydraulic  fluid  conduit  45,  to  the  second  hydraulic  fluid  port  13  of  t h e  .  

torque  converter   housing  4.  Hydraulic  fluid  therefore  passes  in  th rough  

this  second  hydraulic  fluid  port  13  to  the  space  15  inside  of  the  t o r q u e  

converter  housing  4  to  the  left  in  the  drawing  of  the  lock  up  clutch  plate  3, 

between  the  lock  up  clutch  plate  3  and  the  end  wall  4a  of  the  t o r q u e  

converter  housing  4,  fills  the  inside  of  the  torque  converter  housing  4  as  is 

of  course  required,  flows  past  the  outer  edge  of  the  lock  up  clutch  plate  3, 

between  the  lining  76  mounted  on  this  outer  edge  and  the  end  wall  4a  of  

the  torque  converter   housing  4,  to  the  space  14  inside  the  torque  c o n v e r t e r  

housing  4  to  the  right  in  the  drawing  of  the  lock  up  clutch  plate  3,  and  is 

taken  out  from  the  first  hydraulic  fluid  port  12  from  this  space  14.  F rom 

this  first  hydraulic  fluid  port  12,  said  hydraulic  fluid  flow  is  passed  th rough  

the  conduit  46  to  the  port  47  of  the  lock  up  clutch  control  valve  38,  whence  

it  is  communica ted   to  the  port  48  thereof,   whence  it  is  drained  to  the  

hydraulic  fluid  reservoir  28  via  the  hydraulic  fluid  conduit  49  and  t h e  

hydraulic  fluid  cooler .  

This  flow  of  hydraulic  fluid,  as  explained  above,  causes  an  excess  of  

hydraulic  fluid  pressure  on  the  left  side  in  the  figure  of  the  clutch  plate  3 

over  the  hydraulic  fluid  pressure  on  the  right  side  thereof,  due  to  the  

rather  res t r ic ted   size  of  the  space  available  for  passage  of  hydraulic  f luid 

past  the  lining  76,  between  said  lining  76  and  the  end  wall  4a  of  the  t o rque  

converter  housing  5,  and  this  pressure  difference  ensures  that  the  c l u t ch  

plate  3  as a  whole  is  biased  to  the  right  in  the  figure,  and  is  pressed  away  
from  the  end  wall  4a  of  the  torque  converter  housing  4,  and  does  no t  

rotationally  engage  said  end  wall  4a  via  the  lining  76,  thus  causing  t he  

clutch  plate  3  and  the  torque  converter  housing  4  not  to  be  mechan ica l ly  

rotationally  coupled  together.  Accordingly  the  pump  impeller  6  and  t he  

turbine  member  7  of  the  torque  converter   1  are  not  mechanically  coupled  

together  with  regard  to  their  rotation,  but  are  only  rotat ionally  coupled 

together  via  the  circulation  of  hydraulic  fluid  within  the  torque  c o n v e r t e r  

1,  i.e.  are  only  rotationally  coupled  together  in  a  torque  converting  fashion,  

according  to  the  normal  per  se  well  known  functioning  of  the  t o rque  

converter  1.  In  other  words,  the  lock  up  clutch  assembly  is  disengaged,  by 



the  supply  of  hydraulic  fluid  into  the  interior  of  the  torque  conve r t e r  

housing  4  in  through  the  second  hydraulic  fluid  port  13,  and  the  taking  of  

hydraulic  fluid  out  of  the  interior  of  the  torque  converter  housing  4  f rom 

the  first  hydraulic  fluid  port  12. 

In  this  state,  the  port  47  of  the  lock  up  clutch  control  valve  38  is 

communicated  to  the  port  48,  and  flow  of  hydraulic  fluid  from  the  inside  o f  

the  torque  converter  1  is  therefore  passed  through  the  hydraulic  fluid 

cooler.  At  this  time,  since  the  lock  up  clutch  assembly  is  disengaged,  the  

circulation  of  hydraulic  fluid  within  the  torque  converter  1  is  operating  to  

rotat ional ly  couple  together  the  pump  impeller  6  and  the  turbine  member  

7,  as  explained  above,  and  accordingly  the  body  of  hydraulic  fluid  within 

the  housing  4  of  the  torque  converter  1  is  being  substantially  churned  by 

the  pump  impeller  6,  the  turbine  member  7,  and  the  stator  8,  a l l .  these 

being  in  rotation  at  somewhat  different  rotational  speeds,  and  accordingly 

considerable  heat  is  being  generated  within  the  torque  converter  1  by  this 

churning  of  hydraulic  fluid  therein,  because  considerable  frictional  loss  is 

occuring  in  the  torque  converter  1,  the  actual  amount  of  heat  being 

generated  of  course  being  related  to  the  actual  rotational  speed  of  the  

power  input  shaft  5  and  the  actual  rotational  speed  of  the  power  output  

shaft  11  of  the  torque  converter  1,  as  well  as  to  the  load  being  t r ansmi t t ed .  

Therefore,  a  considerable  cooling  effect  may  well  be  necessary  from  the  

hydraulic  fluid  cooler  at  this  t ime .  

Now,  the  construction  of  the  lock  up  clutch  interrupt  valve  54  will  be 

explained.  This  lock  up  clutch  interrupt  valve  54  comprises  a  valve  housing 

in  which  there  is  formed  a  bore,  and  a  valve  spool  member  55  which  is 

slidingly  fitted  into  said  bore,  so  as  to  reciprocate  in  the  upwards  and 

downwards  directions  as  seen  in  the  drawing.  The  upper  end  in  the  drawing 

of  the  valve  spool  member  55  is  formed  with  an  upper  land  55a,  and  t he  

lower  end  in  the  drawing  of  the  valve  spool  member  55  is  formed  with  a 

lower  land  55b,  the  diameter  of  which  is  somewhat  larger  than  the  

diameter   of  the  upper  land  55a.  Further,  a  compression  coil  spring  56  is 

provided  below  said  valve  spool  member  55  in  said  bore,  so  as  to  bias  said 

valve  spool  member  55  upwards  as  seen  in  the  drawing,  and  so  as  to  bear  on 

the  lower  end  of  said  bore  of  said  lock  up  clutch  interrupt  valve  54.  At 

the  upper  end  of  said  bore  as  seen  in  the  drawing,  above  said  valve  spool 

member  55,  there  is  thus  defined  within  said  valve  bore  a  first  pressure  



chamber  to  which  a  first  control  port  58  communicates,   the  pressure  within 

this  first  pressure  chamber  acting  on  the  valve  spool  member  55  over  an 

effect ive  pressure  receiving  area  defined  by  the  diameter   of  the  upper  land 

55a  of  said  valve  spool  member  55,  so  as  to  bias  said  valve  spool  m e m b e r  

55  downwards  as  seen  in  the  drawing  within  said  valve  bore;  and  at  t he  

lower  end  of  said  bore  of  said  lock  up  clutch  interrupt  valve  54  as  seen  in 

the  drawing,  below  said  valve  spool  member  55,  there  is  defined  within  said 

valve  bore  a  second  pressure  chamber  to  which  a  second  control  port  60 

communicates,   the  pressure  within  this  second  pressure  chamber  acting  on 

the  valve  spool  member  55  over  an  effective  pressure  receiving  a r e a  

defined  by  the  diameter  of  the  lower  land  55b  of  the  valve  spool  m e m b e r  

55,  so  as  to  bias  said  valve  spool  member  55  upwards  as  seen  in  the  drawing 

within  said  valve  bore.  The  valve  spool  member  55  can  move  either  to  a  

downwardly  biased  position  within  said  valve  bore  of  said  lock  up  c lu tch  

interrupt   valve  54,  as  seen  to  the  right  of  the  central  axis  of  the  bore  of 

the  lock  up  clutch  interrupt  valve  54  in  the  drawing,  or  to  a  upwardly 

biased  position  within  said  valve  bore,  as  seen  to  the  left  of  the  c e n t r a l  

axis  of  the  valve  bore  in  the  drawing.  

The  governor  hydraulic  fluid  pressure  Pgo  produced  by  the  governor 

hydraulic  fluid  pressure  control  valve  33  is  always  supplied,  via  a  hydraulic 

fluid  conduit  57,  from  the  hydraulic  fluid  pressure  control  system  27  to  t h e  

first  control  port  58  of  the  lock  up  clutch  interrupt  valve  54,  and  thus  to  

said  first  pressure  chamber  defined  at  the  upper  end  of  the  valve  bore  

thereof.  Further,  the  hydraulic  fluid  pressure  Pc,  which  is  produced  as 

explained  above  by  the  hydraulic  fluid  pressure  control  system  27  for  

engaging  the  multi  plate  clutch  23  of  the  overdrive  mechanism  16  of  the  

gear  transmission  mechanism  2  when  and  only  when  the  gear  t ransmiss ion  

mechanism  2  as  a  whole  is  to  be  controlled  not  to  be  in  its  highest  speed  

stage,  i.e.  not  to  be  in  the  overdrive  speed  stage,  and  which  when  so 

produced  is  of  a  pressure  magnitude  substantially  equal  to  the  l ine 

hydraulic  fluid  pressure  Pl,  is  supplied,  via  the  hydraulic  fluid  conduit  59, 

to  the  second  control  port  60  of  the  lock  up  clutch  interrupt  valve  54,  and 

thus  to  said  second  pressure  chamber  defined  at  the  lower  end  of  the  valve  

bore  thereof .  

Thus,  when  the  gear  transmission  mechanism  2  is  being  controlled  by 

the  hydraulic  fluid  pressure  control  system  27  not  to  be  in  its  overdr ive  



speed  stage,  then  the  hydraulic  fluid  pressure  Pc,  of  magnitude  equal  to  t h e  

line  hydraulic  fluid  pressure  Pl,  which  is  supplied  to  said  second  p r e s su re  

chamber  at  the  lower  end  of  the  valve  bore  of  the  lock  up  clutch  i n t e r r u p t  

valve  54,  with  the  aid  of  the  biasing  action  of  the  compression  coil  spr ing 

56,  positively  biases  the  valve  spool  member  55  thereof  to  its  upward  

position  within  said  valve  bore,  as  seen  in  the  part  of  the  drawing  to  t h e  

left  of  the  central  axis  of  said  valve  bore,  irrespective  of  what  may  be  t he  

current  value  of  the  governor  hydraulic  fluid  pressure  Pgo  which  is  p r e s e n t  

in  said  first  pressure  chamber  at  the  upper  end  of  said  valve  bore,  since  t h e  

force  due  to  this  governor  hydraulic  fluid  pressure  Pgo  is  always  eas i ly  

overcome  by  the  combination  of  the  force  due  to  the  pressure  in  sa id  

second  pressure  chamber  and  the  force  due  to  said  compression  coil  spr ing 

56. 

On  the  other  hand,  when  the  gear  transmission  mechanism  2  is  be ing  

controlled  by  the  hydraulic  fluid  pressure  control  system  27  to  be  in  i ts  

highest  speed  stage  or  the  overdrive  speed  stage,  then  the  hydraulic  f luid 

pressure  Pc  is  not  being  supplied  to  the  multi  plate  clutch  23  of  t he  

overdrive  mechanism  16  of  said  gear  transmission  mechanism  2,  b e c a u s e  

the  hydraulic  fluid  pressure  Pb  is  being  supplied  to  the  multi  plate  brake  21 

thereof  instead,  and  therefore  no  hydraulic  fluid  pressure  is  present  in  said 

second  pressure  chamber  at  the  lower  end  of  the  valve  bore  of  the  lock  up 
clutch  interrupt  valve  54.  In  this  case,  the  force  due  to  the  governor  

hydraulic  fluid  pressure  Pgo  which  is  being  supplied  to  the  first  p ressu re  
chamber  defined  at  the  upper  end  of  the  valve  bore  of  the  lock  up  c lu t ch  

interrupt  valve  54  in  the  drawing  acts  upon  the  valve  spool  member  55 

thereof  so  as  to  bias  said  valve  spool  member  55  downwards  in  the  drawing,  

against  the  biasing  action  of  the  compression  coil  spring  56  which  opposes 

said  force  due  to  the  governor  hydraulic  fluid  pressure  Pgo,  and  thus  sa id  

valve  spool  member  55  is  moved  upwards  and  downwards  in  the  drawing,  

according  to  a  balance  relationship  between  the  force  due  to  said  governor  

hydraulic  fluid  pressure  Pgo  and  the  compression  action  of  said 

compression  coil  spring  56;  in  more  detail,  when  the  force  due  to  said 

governor  hydraulic  fluid  pressure  Pgo  prevails  over  the  force  due  to  said 

compression  coil  spring  56,  which  will  occur  when  said  governor  hydraul ic  

fluid  pressure.  Pgo  is  at  a  higher  pressure  value  than  a  c e r t a i n  

predetermined  pressure  value,  i.e.  the  road  speed  of  the  vehic le  



incorporating  this  transmission  system  is  higher  than  a  c e r t a i n  

predetermined  speed,  then  said  valve  spool  member  55  is  shifted  to  i t s  

downward  shifted  position  as  seen  to  the  right  of  the  central   axis  of  t he  

valve  bore  of  the  lock  up  clutch  interrupt   valve  54  in  the  drawing;  and, 

when  the  force  due  to  said  compression  coil  spring  56  prevails  over  the  

force  due  to  said  governor  hydraulic  fluid  pressure  Pgo,  which  will  occur  

when  said  governor  hydraulic  fluid  pressure  Pgo  is  at  a  lower  pressure  value 

than  said  certain  predetermined  pressure  value,  i.e.  the  road  speed  of  t he  

vehicle  incorporating  this  transmission  system  is  lower  than  said  c e r t a i n  

predetermined  speed,  then  said  valve  spool  member  55  is  shifted  to  i ts  

upward  shifted  position  as  seen  to  the  left  of  the  central  axis  of  the  va lve  

bore  of  the  lock  up  clutch  interrupt   valve  54  in  the  drawing.  

The  lock  up  clutch  interrupt  valve  54  is  provided  with  three  s w i t c h e d  

ports  61,  63,  and  75.  The  port  75  is  a  drain  port;  the  port  63  is  c o n n e c t e d  

to  the  hydraulic  fluid  conduit  64  which,  as  explained  above,  leads  to  the  

senior  control  port  51  of  the  lock  up  clutch  control  valve  38;  and  the  po r t  

61  is  connected,  via  a  hydraulic  fluid  conduit  62,  to  the  hydraulic  fluid 

pressure  control  system  27,  and  is  supplied  with  the  hydraulic  fluid  p ressu re  

Pb,  which  is  produced  as  explained  above  by  the  hydraulic  fluid  p ressure  

control  system  27  for  operating  the  multi  plate  brake  21  of  the  overdr ive  

mechanism  16  when  and  only  when  the gear   transmission  mechanism  2  as  a  

whole  is  to  be  controlled  to  be  in  its  highest  speed  stage  or  the  overdr ive  

speed  stage,  and  which  when  so  produced  is  of  a  pressure  magni tude  

substantially  equal  to  the  line  hydraulic  fluid  pressure  Pl.  When  the  valve 

spool  member  55  of  the  lock  up  clutch  interrupt  valve  54  is  in  its  upwardly  

biased  position  within  the  valve  bore  thereof  as  seen  to  the  left  of  the  

valve  bore  of  the  lock  up  clutch  interrupt   valve  54  in  the  drawing,  then  t he  

port  61  is  not  communicated  to  any  other  port,  while  the  port  63  is 

communicated  to  the  drain  port  75.  On  the  other  hand,  when  the  valve 

spool  member  55  of  the  lock  up  clutch  interrupt  valve  54  is  in  i ts  

downwardly  biased  position  within  the  valve  bore  thereof  as  seen  to  the  

right  of  said  valve  bore  in  the  drawing,  then  the  drain  port  75  is  not  

communicated  to  any  other  port,  while  the  port  63  is  communicated  to  the  

port  61. 

The  lock  up  clutch  control  system  described  above  operates  as 

follows. 



First,  when  the  gear  transmission  mechanism  2  of  the  a u t o m a t i c  

transmission  is  being  controlled  by  the  hydraulic  fluid  pressure  c o n t r o l  

system  27  to  be  in  its  highest  speed  stage,  i.e.  in  the  overdrive  speed  s t a g e ,  

in  other  words,  when  the  hydraulic  fluid  pressure  Pb  is  being  supplied  to  t h e  

multi  plate  brake  21  of  the  overdrive  mechanism  16  via  the  hydraulic  f luid 

conduit  71,  but  the  hydraulic  fluid  pressure  Pc  is  not  being  supplied  to  t h e  

multi  plate  clutch  23  of  the  overdrive  mechanism  16  via  the  hydraulic  fluid 

conduit  72,  then  in  a  fashion  similar  to  the  operation  of  the  prior  a r t  

system  explained  in  the  section  of  this  specification  e n t i t l e d  

"BACKGROUND  OF  THE  INVENTION"  the  valve  spool  member  55  of  t h e  

lock  up  clutch  interrupt  valve  54  is  shifted  to  and  fro  between  its  upwardly  

biased  position  as  seen  on  the  left  of  the  central   axis  of  the  bore  of  t h e  

lock  up  clutch  interrupt  valve  54  in  the  figure  and  its  downwardly  b iased 

position  as  seen  on  the  right  of  said  central  axis  of  said  valve  bore  in  t he  

figure,  according  to  the  aforesaid  balance  relationship  between  the  f o rce  

due  to  the  governor  hydraulic  fluid  pressure  Pgo  and  the  compress ion 

action  of  the  compression  coil  spring  56;  i.e.,  when  the  road  speed  of  t h e  

vehicle  incorporating  this  transmission  system  is  higher  than  said  c e r t a i n  

predetermined  speed  then  the  valve  spool  member  55  is  shifted  to  i ts 

downwardly  biased  position,  while  when  the  road  speed  of  the  vehicle  

incorporating  this  transmission  system  is  lower  than  said  c e r t a i n  

predetermined  speed  then  said  valve, spool  member  55  is  shifted  to  i ts  

upwardly  biased  position.  This  upwards  and  downwards  shifting  is  a l lowed 

at  this  time  because  there  is  no  hydraulic  fluid  pressure  Pc  being  supplied 

to  the  second  pressure  chamber  defined  at  the  bottom  of  the  bore  of  t h e  

lock  up  clutch  interrupt  valve  54  as  seen  in  the  drawing,  because  no  such 

hydraulic  fluid  pressure  Pc  is  being  supplied  at  this  time  to  the  multi  p l a t e  

clutch  23.  When  the  valve  spool  member  55  is  thus  shifted  to  its  upward 

shifted  position  within  the  bore  of  the  lock  up  clutch  interrupt  valve  54  as 

seen  on  the  left  of  the  central  axis  of  the  lock  up  clutch  interrupt  valve  54 

in  the  drawing,  then  the  supply  of  the  hydraulic  fluid  pressure  Pb  to  t he  

port  61  of  said  lock  up  clutch  interrupt  valve  54  (which  is  currently  being 

made,  since  said  hydraulic  fluid  pressure  Pb  is  currently  being  supplied  to  

the  multi  plate  brake  21  of  the  overdrive  mechanism  16  by  the  hydraul ic  

fluid  pressure  control  system  27,  in  order  to  put  said  overdrive  mechanism 

16  into  the  overdrive  speed  stage)  is  interrupted  there  and  is  no t  



communicated   to  the  port  63  thereof,   and  accordingly  no  supply  o f  

hydraulic  fluid  pressure  is  communica ted   to  the  senior  control  port  51  o f  

the  lock  up  clutch  control  valve  38,  which  is  instead  communicated  via  t h e  

hydraulic  fluid  conduit  64  and  the  lock  up  clutch  interrupt  valve  54  to  t h e  

drain  port  75,  and  accordingly  the  valve  member  39  of  this  lock  up  c l u t ch  

control  valve  38  is  in  its  downwardly  biased  position  within  the  valve  bore  

thereof  as  seen  on  the  left  of  the  central   axis  of  said  valve  bore  in  t h e  

figure,  and  as  explained  above  in  this  condition  the  lock  up  clutch  a s sembly  

of  the  torque  converter  1  is  disengaged;  while,  on  the  other  hand,  when  t he  

valve  spool  member  55  of  the  lock  up  clutch  interrupt  valve  54  is  shifted  to  

its  downward  shifted  position  within  the  valve  bore  as  seen  on  the  right  o f  

the  central   axis  of  said  lock  up  clutch  interrupt  valve  54  in  the  drawing,  

then  the  supply  of  the  hydraulic  fluid  pressure  Pb  which  is  currently  be ing  

made  by  the  hydraulic  fluid  pressure  control  system  27  via  the  hydrau l ic  

fluid  conduit  62  to  the  port  61  of  said  lock  up  clutch  interrupt  valve  54  is 

communicated  to  the  port  63  thereof,   and  accordingly  said  supply  o f  

hydraulic  fluid  pressure  Pb,  of  pressure  value  substantially  equal  to  l ine 

hydraulic  fluid  pressure  Pl,  is  communica ted   to  the  senior  control  port  51 

of  the  lock  up  clutch  control  valve  38,  and  accordingly  the  valve  m e m b e r  

39  of  this  lock  up  clutch  control  valve  38  is  in  its  upwardly  biased  posi t ion 

within  the  valve  bore  thereof  as  seen  on  the  right  of  the  central  axis  o f  

said  valve  bore  in  the  figure,  and  as  explained  above  in  this  condition  t h e  

lock  up  clutch  assembly  of  the  torque  converter   1  is  engaged.  

Now  suppose  that  the  au tomat ic   transmission  is  in  its  ope ra t i ona l  

condition  in  which  the  gear  t ransmission  mechanism  2  of  the  a u t o m a t i c  

transmission  is  being  controlled  by  the  hydraulic  fluid  pressure  con t ro l  

system  27  to  be  in  its  highest  speed  stage,  i.e.  in  the  overdrive  speed  s tage ,  

and  further  the  vehicle  road  speed  is  higher  than  said  predetermined  r o a d  

speed  value,  so  that  as  explained  above  the  valve  spool  member  55  of  t he  

lock  up  clutch  interrupt  valve  54  is  in  its  downwardly  shifted  posi t ion 

within  the  bore  of  said  lock  up  clutch  interrupt  valve  54  as  seen  in  t he  

figure  by  the  biasing  action  of  the  governor  hydraulic  fluid  pressure  Pgo 

supplied  to  the  first  pressure  chamber  at  the  top  of  the  lock  up  c l u t c h  

interrupt   valve  54  and  the  lock  up  clutch  is  thereby  engaged.  Suppose  t h a t  

now  the  hydraulic  fluid  pressure  control  system  27  decides  that  the  gea r  

transmission  mechanism  2  should  be  shifted  to  its  next  speed  stage  below 



its  highest  speed  stage,  by  the  accelera tor   pedal  of  the  vehicle  being  very 
much  depressed,  thus  causing  the  throt t le   of  the  internal  combus t ion  

engine  thereof  to  be  very  wide  open  and  causing  the  throttle  hydraulic  fluid 

pressure  Pth  to  be  very  high,  thus  biasing  the  third/fourth  switching  valve 

36  to  its  position  to  engage  the  third  speed.  In  this  case,  first  of  all  t he  

hydraulic  fluid  pressure  control  system  27  ceases  to  supply  the  hydraul ic  

fluid  pressure  Pb  to  the  multi  plate  brake  21,  and  instead  starts  to  supply 

the  hydraulic  fluid  pressure  Pc  to  the  multi  plate  clutch  23.  As  soon  as  t he  

hydraulic  fluid  pressure  Pb  ceases  to  be  provided,  the  hydraulic  fluid 

pressure  supplied  to  the  port  61  of  the  lock  up  clutch  interrupt  valve  54  is 

no  longer  present,   and  accordingly  the  supply  of  hydraulic  fluid  pressure  to  

the  senior  control  port  51  of  the  lock  up  clutch  control  valve  38 

immediately  ceases,  regardless  of  the  value  of  the  governor  hydraulic  fluid 

pressure  acting  at  the  upper  end  of  the  lock  up  clutch  interrupt  valve  54, 

and  the  valve  spool  member  39  thereof  is  as  explained  above  posi t ively  

moved  within  the  valve  bore  thereof  from  its  upwardly  biased  position  t o  

its  downwardly  biased  position,  thus  disengaging  the  lock  up  c lu tch  

assembly  of  the  torque  converter  1  as  explained  above  without  any  delay,  

even  before  the  lock  up  clutch  interrupt  valve  54  is  switched  over  from  its 

hydraulic  fluid  pressure  communicating  state  to  its  non  c o m m u n i c a t i n g  

s t a t e .  

In  fact,  the  overdrive  mechanism  16  of  the  gear  t ransmiss ion  

mechanism  2  of  course  takes  a  little  time  to  shift  over  f rom  its  speed 

increasing  operational   mode  to  its  direct  connection  operational  mode,  due 

to  the  time  lags  inherent  in  the  operation  of  the  multi  plate  clutch  23  and 

in  the  operation  of  the  multi  plate  brake  21,  and  accordingly,  by  the  t i m e  

that  the  gear  transmission  mechanism  2  actually  shifts  down  from  its 

highest  speed  stage  to  its  next  to  highest  speed  stage,  the  lock  up  clutch  of  

the  torque  converter  1  will  already  have  been  disengaged  as  expla ined 

above,  thus  minimizing  transmission  shift  torque  shock  due  to  the  shif t ing,  

and  accordingly  avoiding  snatching  during  the  engagement  of  said  mul t i  

plate  clutch  23,  as  well  as  avoiding  sudden  stresses  being  put  upon  the  

various  other  components  of  the  gear  transmission  mechanism  2  such  as 

gears  and  bearings  comprised  therein.  Thereby,  the  operating  lifespan  of 

the  automatic   transmission  as  a  whole  is  lengthened,  and  also  it  is  r ende red  

to  be  more  reliable.  Further,  the  possibly  dangerous  deter iorat ion  of 



driving  feeling  of  the  vehicle  caused  by  such  transmission  shift  shock  is 

positively  avoided.  This  beneficial  effect  is  at tained,  as  explained  above,  

according  to  the  operation  of  the  shown  transmission  control  s y s t em 

according  to  the  preferred  embodiment  of  the  present  invention,  bas ica l ly  

because  the  source  of  hydraulic  fluid  pressure  which  is  switched  by  the  lock 

up  clutch  interrupt  valve  54  and  is  supplied  as  a  switching  hydraulic  fluid 

pressure  to  the  lock  up  clutch  control  valve  38  is  not  the  line  hydraul ic  

fluid  pressure  Pl,  as  has  been  the  case  in  the  prior  art,  but  is  instead  t h e  

hydraulic  fluid  pressure  Pb  which  is  also  selectively  supplied  as  an 

actuat ing  fluid  pressure  to  the  one  of  the  hydraulic  fluid  pressure  a c t i v a t e d  

friction  engaging  mechanisms  (i.e.  the  multi  plate  brake  21)  of  the  g e a r  

transmission  mechanism  2  which  is  engaged  when  and  only  when  the  h ighes t  

speed  stage  of  said  gear  transmission  mechanism  2  is  being  provided.  

Of  course,  shortly  after  the  above  described  disengagement  of  t h e  

lock  up  clutch,  the  supply  of  the  hydraulic  fluid  pressure  Pc  to  t he  p r e s su re  

chamber  defined  at  the  bottom  of  the  valve  bore  of  the  lock  up  c lu t ch  

interrupt  valve  54  positively  biases  the  valve  spool  member  55  of  this 

valve,  as  explained  above,  to  its  upwardly  biased  position  as  seen  to  t he  

left  of  the  central  axis  of  said  valve  bore  in  the  figure,  irrespective  of  t h e  

current  values  of  the  vehicle  road  speed  and  of  the  governor  hydraulic  f luid 

pressure  Pgo.  This  positive  positioning  of  the  valve  spool  member  55  to  i t s  

switched  position  which  interrupts  communication  between  the  ports  61 

and  63  of  the  lock  up  clutch  interrupt  valve  54  ensures  that,  when  later  the  

hydraulic  fluid  pressure  control  system  27  decides  that  the  gea r  
transmission  mechanism  2  should  be  shifted  back  to  its  highest  speed  s t age ,  

i.e.  the  overdrive  speed  stage,  at  this  time  the  lock  up  clutch  i n t e r r u p t  

valve  54  is  positioned  to  its  non  pressure  communicat ing  swi tched  

condition;  and  accordingly  the  lock  up  clutch  assembly  of  the  t o r q u e  

converter  1  remains  disengaged  for  a  short  time,  even  after  termination  of 

the  supply  of  the  hydraulic  fluid  pressure  Pc  to  the  multi  plate  clutch  23 

and  commencement   of  the  supply  of  the  hydraulic  fluid  pressure  Pb  to  t he  

multi  plate  brake  21,  while  the  lock  up  clutch  interrupt  valve  54  swi t ches  

back  to  its  pressure  communicat ing  switched  condition.  Thus,  it  is  ensured  

that  the  lock  up  clutch  assembly  of  the  torque  converter  1  r ema ins  

disengaged  during  the  shifting  of  the  gear  transmission  mechanism  from  i ts  

next  to  highest  speed  stage  back  up  to  its  highest  speed  s t age .  



On  the  other  hand,  suppose  that  the  gear  transmission  mechanism  2 

of  the  automatic  transmission  is  in  its  operational  condition  in  which  it  is 

being  controlled  by  the  hydraulic  fluid  pressure  control  system  27  to  be  in 

its  highest  speed  stage,  i.e.  in  the  overdrive  speed  stage,  and  further  t h a t  

the  vehicle  road  speed  is  higher  than  said  predetermined  value,  so  that  as 

explained  above  the  valve  spool  member  55  of  the  lock  up  clutch  i n t e r rup t  

valve  54  is  in  its  downwardly  shifted  position  within  the  bore  of  said  lock 

up  clutch  interrupt  valve  as  seen  on  the  right  side  of  the  central  axis  of  

said  valve  bore  in  the  figure  and  the  lock  up  clutch  is  thereby  engaged.  

Now  suppose  that  from  this  condition  the  vehicle  road  speed  gradual ly  

drops,  so  that  the  governor  hydraulic  fluid  pressure  Pgo  drops  down  to  and 

below  the  value  thereof  at  which  the  force  exerted  by  said  governor 

hydraulic  fluid  pressure  Pgo  on  the  valve  spool  member  55  of  the  lock  up 

clutch  interrupt  valve  54  in  the  downwards  direction  as  seen  in  the  drawing 

becomes  equal  to  the  spring  force  exerted  on  said  valve  spool  member  55  in 

the  upwards  direction  in  the  drawing  by  the  compression  coil  spring  56,  so 

that  the  valve  spool  member  55  ought  in  principle  to  shift  from  its 

downwardly  biased  position  to  its  upwardly  biased  position.  Fur ther ,  

suppose  that  undesirably,  perhaps  due  to  dirt  or  the  like  within  the  valve 

bore  of  the  lock  up  clutch  interrupt  valve  54,  or  to  wear  thereof  or  of  the  

valve  spool  member  55,  in  fact  the  valve  spool  member  55  does  not  so 

shift,  i.e.  that  the  valve  spool  member  55  sticks  within  its  valve  bore.  This 

may  happen,  especially  if  the  compression  coil  spring  56  has  become  

somewhat  weak  with  age  and  use.  In  such  a  case,  of  course,  the  lock  up 
clutch  assembly  of  the  torque  converter  1  does  not  become  disengaged, 

even  as  vehicle  road  speed  drops.  Now,  in  the  prior  art  explained  earlier,  if 

the  vehicle  road  speed  were  to  drop  to  zero,  so  that  the  vehicle  came  to  a 

complete  halt,  then  the  continued  engagement  of  the  lock  up  clutch  caused 

that  the  internal  combustion  engine  of  the  vehicle  to  stall,  which  was  most  

undesirable.  However,  according  to  the  operation  of  the  shown 

transmission  control  system  according  to  the  preferred  embodiment  of  the  

present  invention,  if  the  vehicle  road  speed  continues  to  drop  below  the  

above  mentioned  predetermined  road  speed  value  at  which  the  lock  up 

clutch  should  become  disengaged  but  does  not  do  so,  as  a  matter  of  course 

at  some  second  lower  value  of  vehicle  road  speed  the  hydraulic  fluid 

pressure  control  system  27  decides  that  the  gear  transmission  mechanism  2 



should  be  shifted  down  from  its  highest  speed  stage  to  its  next  to  h ighes t  

speed  stage.  At  this  time,  therefore,   the  hydraulic  fluid  pressure  con t ro l  

system  27  switches  over  the  supply  of  the  hydraulic  fluid  pressures  Pb  and 

Pc;  i.e.,  the  hydraulic  fluid  pressure  control  system  27  ceases  to  supply  t he  

hydraulic  fluid  pressure  Pb  to  the  multi  plate  brake  21  of  the  overdr ive  

mechanism  16  of  the  gear  transmission  mechanism  2,  and  instead  starts  to  

supply  the  hydraulic  fluid  pressure  Pc  to  the  multi  plate  clutch  23  of  said 

overdrive  mechanism  16,  in  order  to  shift  over  the  overdrive  mechanism  16 

from  its  speed  increasing  operational  mode  to  its  directly  connec ted  

operational  mode.  As  explained  above,  in  the  same  way  as  previously,  t h e  

termination  of  the  supply  of  the  hydraulic  fluid  pressure  Pb  via  the  condui t  

62,  the  ports  61  and  63  of  the  lock  up  clutch  interrupt   valve  54,  and  the  

conduit  64  to  the  senior  control  port  51  of  the  lock  up  clutch  control  va lve  

38  causes  the  lock  up  clutch  assembly  of  the.  torque  converter  1  to  b e c o m e  

disengaged  and  thus  ensures  that  the  internal  combustion  engine  of  t h e  

vehicle  cannot  stall,  even  when  the  vehicle  comes  to  a  complete  halt;  and 

further,  because  according  to  the  construction  of  the  shown  t ransmiss ion  

control  system  according  to  the  preferred  embodiment  of  the  p r e sen t  

invention  the  hydraulic  fluid  pressure  Pc  is  now  supplied  to  the  second 

pressure  chamber  defined  at  the  bottom  of  the  bore  of  the  lock  up  c lu tch  

interrupt  valve  54  as  seen  in  the  figure,-  the  pressure  in  this  second  p ressure  
chamber  positively  biases  the  valve  spool  member  55  of  this  lock  up  c lu tch  

interrupt  valve  54  upwards  within  the  valve  bore  thereof  as  seen  in  t he  

drawing,  with  the  aid  of  the  force  due  to  the  compression  coil  spring  56, 

and  this  strong  upward  force  exerted  on  the  valve  spool  member  55 

positively  ensures  that  any  sticking  of  this  valve  spool  member  55  in  i ts  

downwardly  biased  position  within  the  valve  bore  will  be  broken  and 

overcome.  Thereby,  when  the  vehicle  speed  later  increases,  the  lock  up 

clutch  interrupt   valve  54  will  operate  properly,  because  its  sticking  has  

been  unseized.  

The  reason  for  the  lower  land  portion  55b  as  seen  in  the  drawing  of  

the  valve  spool  member  55  of  the  lock  up  clutch  interrupt  valve  54  to  be  

made  somewhat  larger  in  diameter  than  the  upper  land  portion  55a  t h e r e o f  

is  to  give  a  hysteresis  to  the  above  described  balance  relationship  b e t w e e n  

the  force  due  to  the  governor  hydraulic  fluid  pressure  Pgo  and  t he  

compression  action  of  the  compression  coil  spring  56,  because  when  t he  



hydraulic  fluid  pressure  Pb  is  being  communicated  from  the  port  61  to  t h e  

port  60  of  the  lock  up  clutch  interrupt  valve  54  this  hydraulic  fluid  p re s su re  
Pb  exerts  a  certain  force  in  the  downwards  direction  in  the  figure  on  t h e  

valve  spool  member  55,  according  in  the  difference  in  the  p r e s su re  

receiving  areas  of  the  lower  and  upper  lands  55b  and  55a  of  this  valve  spool  

member  55.  Thereby,  the  operation  for  engagement  and  disengagement  o f  

the  lock  up  clutch  is  stabilized,  and  hunting  of  this  lock  up  clutch,  i .e .  

repeated  engagement   and  disengagement  thereof  as  the  vehicle  road  s p e e d  

slightly  varies,  is  positively  p revented .  

Although  the  present  invention  has  been  shown  and  described  wi th  

reference  to  a  preferred  embodiment  thereof,  and  in  terms  of  t h e  

illustrative  drawing,  it  should  not  be  considered  as  limited  t he reby .  

Various  possible  modifications,  omissions,  and  alterations  could  be  

conceived  of  by  one  skilled  in  the  art  to  the  form  and  the  content  of  any  

particular  embodiment,   without  departing  from  the  scope  of  the  p r e s e n t  

invention.  Therefore  it  is  desired  that  the  scope  of  the  present  invent ion ,  

and  of  the  protect ion  sought  to  be  granted  by  Letters  Patent,  should  be  

defined  not  by  any  of  the  perhaps  purely  fortuitous  details  of  the  shown 

embodiment,  or  of  the  drawing,  but  solely  by  the  scope  of  the  appended  

claims,  which  follow. 



1.  In  an  au tomat ic   transmission  compris ing:  

(a)  a  gear  transmission  mechanism,  which  can  provide  a  plurality  of  

forward  speed  stages  including  a  highest  speed  stage  and  a  next  to  h ighes t  

speed  stage,  and  which  comprises  a  plurality  of  hydraulic  fluid  p re s su re  

activated  friction  engaging  mechanisms  combinations  of  which  a r e  

selectively  ac tuated  by  selective  supply  of  hydraulic  fluid  pressures  t h e r e t o  

so  as  to  engage  said  plurality  of  speed  stages,  said  plurality  of  hydrau l i c  

fluid  pressure  act ivated  friction  engaging  mechanisms  including  a  f i r s t  

friction  engaging  mechanism  which  is  engaged  by  supply  of  a  first  hydrau l ic  

fluid  pressure  thereto  when  and  only  when  said  gear  t r ansmiss ion  

mechanism  is  providing  its  said  highest  speed  stage  and  a  second  f r i c t i o n  

engaging  mechanism  which  is  engaged  by  supply  of  a  second  hydraulic  fluid 

pressure  thereto  when  said  gear  transmission  mechanism  is  providing  i ts  

said  next  to  highest  speed  stage  but  which  is  not  engaged  when  said  gea r  

transmission  mechanism  is  providing  its  said  highest  speed  stage,  sa id  

second  hydraulic  fluid  pressure  not  being  present  at  that  t ime;  

(b)  a  torque  converter,   the  interior  of  which  is  filled  with  hydraulic  fluid, 

which  comprises  a  lock  up  clutch  and  a  first  and  a  second  hydraulic  f luid 

channel,  s a i d   lock  up  clutch  being  respect ively  selectively  engaged  or 

disengaged,  according  as  to  whether  hydraulic  fluid  pressure  is  supplied  to  

said  first  hydraulic  fluid  channel  and  is  released  from  said  second  hydraul ic  

fluid  channel,  or  is  supplied  to  said  second  hydraulic  fluid  channel  and  is 

released  from  said  first  hydraulic  fluid  channel :  

a  transmission  control  system,  compris ing:  



(c)  a  source  of  regulated  torque  converter  hydraulic  fluid  pressure  for 

filling  the  inside  of  said  torque  converter  with  hydraulic  fluid; 

(d)  a  hydraulic  fluid  pressure  control  system  which  controls  said  gea r  
transmission  mechanism  by  said  selective  supply  of  said  combinations  of  

said  hydraulic  fluid  pressures  including  said  first  hydraulic  fluid  p ressu re  

and  said  second  hydraulic  fluid  pressure  thereto  so  as  selectively  to  engage  

various  ones  of  said  plurality  of  speed  stages,  comprising  a  governor  

hydraulic  fluid  pressure  control  valve  which  produces  a  governor  hydrau l ic  

fluid  pressure  which  is  representat ive  of  vehicle  speed  and  which  inc reases  

with  increasing  vehicle  speed; 

(e)  a  lock  up  clutch  control  valve  which  has  a  first  switched  position  and 

a  second  switched  position,  which  when  in  its  said  first  switched  posi t ion 

switches  said  first  hydraulic  fluid  channel  so  as  to  supply  thereto  a  supply 

of  said  torque  converter  hydraulic  fluid  pressure  and  switches  said  second  

hydraulic  fluid  channel  so  as  to  release  hydraulic  fluid  therefrom,  and 

which  when  in  its  said  second  switched  position  switches  said  second  

hydraulic  fluid  channel  so  as  to  supply  thereto  a  supply  of  said  t o rque  

converter  hydraulic  fluid  pressure  and  switches  said  first  hydraulic  fluid 

channel  so  as  to  release  hydraulic  fluid  therefrom;  said  lock  up  c lu tch  

control  valve  being  switched  to  its  said  first  switched  position  by  supply  of  

a  control  hydraulic  fluid  pressure  thereto,  and  being  otherwise  switched  to 

its  said  second  switched  position;  and 

(f)  a  lock  up  clutch  interrupt  valve  which  has  a  first  switched  posi t ion 

and  a  second  switched  position,  which  when  in  its  said  first  sw i t ched  

position  switches  a  supply  of  said  first  hydraulic  fluid  pressure  so  as  to  

supply  said  first  hydraulic  fluid  pressure  to  said  lock  up  clutch  con t ro l  

valve  as  said  control  hydraulic  fluid  pressure,  and  which  when  in  its  said 

second  switched  position  does  not  switch  said  supply  of  said  first  hydraul ic  

fluid  pressure  so  as  to  supply  said  first  hydraulic  fluid  pressure  to  said  lock 

up  clutch  control  valve  as  said  control  hydraulic  fluid  pressure,  so  that  said 

lock  up  clutch  control  valve  in  this  case  is  not  supplied  with  any  such 

control  hydraulic  fluid  pressure;  said  lock  up  clutch  interrupt  valve  being 

supplied  with  said  second  hydraulic  fluid  pressure,  when  it  is  present,  by 



said  hydraulic  fluid  pressure  control  system,  and  when  so  supplied  be ing  

positively  switched  to  its  said  second  switched  position  irrespective  of  a n y  
other  control  pressures  supplied  thereto;  said  lock  up  clutch  i n t e r r u p t  

valve  further  being  supplied  with  said  governor  hydraulic  fluid  pressure  by 

said  hydraulic  fluid  pressure  control  system;  and,  when  said  lock  up  c lu t ch  

interrupt  valve  is  not  supplied  with  said  second  hydraulic  fluid  p ressure ,  

said  lock  up  clutch  interrupt   valve  being  switched  to  its  said  second  

switched  position  when  the  pressure  value  of  said  governor  hydraulic  f luid 

pressure  is  less  than  a  crit ical  pressure  value,  and  being  switched  to  its  said 

first  switched  position  when  the  pressure  value  of  said  governor  hydraul ic  

fluid  pressure  is  greater   than  said  critical  pressure  value.  

2.  A  transmission  control  system  according  to  claim  1,  wherein  said  lock  

up  clutch  interrupt  valve  comprises  a  valve  element  which  has  a  f i r s t  

position  and  a  second  position,  and  a  means  for  biasing  said  valve  e l e m e n t  

towards  its  said  second  position;  said  governor  hydraulic  fluid  p ressu re  

acting  on  said  valve  element  so  as  to bias  said  valve  element  towards  i ts 

said  first  position;  said  second  hydraulic  fluid  pressure,  when  p re sen t ,  

acting  on  said  valve  element  so  as  positively  to  bias  said  valve  element  to  

its  said  second  position  i rrespective  of  the  value  of  said  governor  hydrau l ic  

fluid  pressure;  said  lock  up  clutch  interrupt   valve  being  further  f o r m e d  

with  an  input  port  which  is  supplied  with  said  first  hydraulic  fluid  p ressure ,  
when  it  is  present,  by  said  hydraulic  fluid  pressure  control  system,  and  an 

output  port  which  is  communicated  with  said  lock  up  clutch  control  va lve  

so  that  hydraulic  fluid  pressure  present  at  said  output  port  is  supplied  to 

said  lock  up  clutch  control  valve  as  said  control  hydraulic  fluid  p ressure ;  

said  input  port  being  communicated  to  said  output  port  when  said  valve  

element  is  in  its  said  first  position;  and  said  input  port  being  put  out  of  

communication  with  said  output  port  when  said  valve  element  is  in  its  said 

second  position. 



3.  A  transmission  control  system  according  to  claim  2,  said  lock  up 

clutch  interrupt  valve  being  further  formed  with  a  drain  port  which  is 

communicated  to  said  output  port  when  said  valve  element  is  in  its  said 

second  position;  and  said  input  port  being  put  out  of  communication  wi th  

said  output  port  when  said  valve  element  is  in  its  said  first  posi t ion.  

4.  A  transmission  control  system  according  to  claim  1,  wherein,  when 

said  lock  up  clutch  interrupt  valve  is  in  its  said  first  switched  position  and 

said  first  hydraulic  fluid  pressure  is  present  and  is  being  supplied  to  said 

lock  up  clutch  control  valve  as  said  control  hydraulic  fluid  pressure,  said 

first  hydraulic  fluid  pressure  modifies  said  critical  hydraulic  fluid  pressure  

value  so  as  to  decrease  it .  

5.  A  transmission  control  system  according  to  either  one  of  claim  2  and 

claim  3,  wherein,  when  said  valve  element  of  said  lock  up  clutch  i n t e r rup t  

valve  is  in  its  said  first  position  and  said  input  port  is  communicated  to  said 

output  port  and  said  first  hydraulic  fluid  pressure  is  present  at  both  said 

input  port  and  said  output  port  and  is  being  supplied  to  said  lock  up  c lu tch  

control  valve  as  said  control  hydraulic  fluid  pressure,  said  first  hydraulic 

fluid  pressure  exerts  a  force  on  said  valve  element  which  biases  said  valve 

element  towards  its  said  first  posit ion.  

6.  A  transmission  control  system  according  to  claim  5,  wherein  said 

valve  element  of  said  lock  up  clutch  interrupt  valve  is  formed  with  a  f i rs t  



land  and  a  second  land  with  a  cutaway  portion  between  said  first  and  said 

second  land;  motion  of  said  valve  element  in  the  direction  from  said  f i r s t  

land  to  said  second  land  bringing  said  valve  element  to  its  said  f i r s t  

position,  and  motion  of  said  valve  element  in  the  direction  from  said 

second  land  to  said  first  land  bringing  said  valve  element  to  its  said  second 

position;  said  cutaway  portion,  when  said  valve  element  is  in  its  said  f i r s t  

position,  allowing  hydraulic  fluid  communicat ion  therethrough  between  said 

input  port  and  said  output  port;  and  wherein  the  ef fect ive   p ressu re  

receiving  area  which  said  second  land  presents  to  hydraulic  fluid  p ressure  

present  in  said  cutaway  portion  is  larger  than  is  the  e f fec t ive   p ressure  

receiving  area  which  said  first  land  presents  to  said  hydraulic  fluid 

p res su re .  

7.  A  transmission  control  system  according  to  any one  of  claims  2  -  6 ,  

wherein  said  valve  element  is  a  valve  spool  element  which  slides  to  and  f ro 

in  a  valve  bore  between  its  said  first  position  which  is  at  one  extreme  end 

of  its  travel  in  said  bore  and  its  said  second  position  which  is  at  the  o t h e r  

extreme  end  of  its  travel  in  said  bore;  wherein  said  second  hydraulic  fluid 

pressure  is  supplied,  when  present,  to  a  first  chamber  defined  at  the  end  of  

said  valve  spool  element  in  the  direction  of  said  one  extreme  end  of  the  

travel  of  said  valve  spool  element  in  said  bore;  and  wherein  said  governor  

hydraulic  fluid  pressure  is  supplied  to  a  second  chamber  defined  at  the  end 

of  said  valve  spool  element  in  the  direction  of  said  other  extreme  end  of 

the  t rave l 'o f   said  valve  spool  e lement   in  said  bore. 

8.  A  transmission  control  system  according  to  any one  of  claims  2  -  6 ,  

wherein  said  means  for  biasing  said  valve  element  is  a  compression  coil 

spring.  



9.  A  transmission  control  system  according  to  claim  7,  wherein  said 

means  for  biasing  said  valve  spool  element  is  a  compression  coil  spring 

which  bears  on  said  valve  spool  element  so  as  to  bias  it  in  the  direction  of 

said  other  extreme  end  of  its  travel  in  said  bore .  

10.  A  transmission  control  system  according  to  claim  9,  wherein  said 

compression  coil  spring  is  fitted  within  said  first  chamber  and  bears  aga ins t  

said  end  of  said  valve  spool  element  in  the  direction  of  said  one  e x t r e m e  

end  of  the  travel  of  said  valve  spool  element  in  said  bore.  
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